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PREFACE. 



During the period which has elapsed since the last 
edition of this work was issued, considerable animation 
has manifested itself in this special department of 
Chemical Analysis, the result of which, in many cases, 
has been an improvement in old methods, and the 
introduction of many new ones. 

The active criticism of English, American, and German 
chemists has been brought to bear upon older methods 
with good effect, in addition to which new fields of 
investigation have been opened out of a promising 
character. 

These rapid changes have necessitated a considerable 
amount of revision on my part, leading, in many 
instances, to the re-writing of portions of the book» as 
well as the investigation of many new processes. 

I have done my best to eliminate the good from the 
bad, and trust that the present edition may find as kind 
an acceptance among my fellow-workers as those whidi 
have previously been issued. I have the satisfaction of 
knowing that the work is now accepted as the standard 
text-book on the subject wherever the English language 
is used. 
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VI PKEFACE. 

In addition to this, I may 8tate that a French translation 
of the present edition, by Dr. C. Mehu of Paris, is in 
progress, and will be issued during the present year. 

I desire again to express my siiicere thanks to 
Mr. W. Thorp, B.Sc, for his careful revision of 
§§ 83, 84, and 85, and for his kindness in reading the 
proof-sheets; also to Mr. J. W. Thomas, F.C.8., for 
a concise description of his improved gas apparatus, 
together with some modifications of method in the analysis 
of gases. 

I acknowledge with much gratitude the kind help of 
Mr. E. Waring ton in giving me suggestions as to some 
methods of analysis, so carefully and patiently worked out 
by him, and would express the hope, that his good example 
of exhaustively pursuing definite lines of analytical re- 
search may find many imitators in the future. 

FEANCIS SUTTON. 

NoinvicH, 

Jauuanj, 1882. 
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[X] 



Names of Elementary Substanoes ooourrlxier in Yolnmetrlo 
Kethods, with their Sirmbols and Atomic WeierliU. 



1 






1 


Weight, 


Atomic Weight 


Name. 


Symbol. 


aa found by 
the latest 
reeearchea. 


adopted in 
this Edition. 


1 

Alurainiuni . . 1 Al 


27-3 


27-3 


Antimony 






Sb 


1220 


122-0 


Arsenic . 










As 


74-9 


75-0 


Barium 








; Ba 


136-8 


136-8 


Bismuth . 










I)i 


2100 


2100 


Bromine 










Br 


79-75 


80-0 


Cadmium 










Cd 


111-6 


111-6 


Calcium 










Ca 


39-9 


40 


Carbon . 










C 


11-97 


120 


Cerium 










Co 


Ul-2 


141-2 


Chlorine . 










CI 


35-37 


35-37 


Chromium 










Cr 


52-4 


52-4 


Cobalt . 










Co 


58-6 


59-0 


Copper 










Cu 


630 


63-0 


Gold 










Au 


196-2 


196-5 


Hydrogen 










H 


1-0 


1-0 


Iodine 










I 


126-5 


126-5 


Iron . 










Fe 


56 


56-0 


Lead 










Pb 


206-4 


206-4 


Magnesium 










Afg 


23-94 


24 


Manganese 










Mn 


55-0 


55 


Mercury 










Hg 


200-0 


200-0 


.Nickel . 










m 


58-6 


69-0 


Nitrogen 










N 


14-01 


14-0 


Oxygen . 








I 


15-96 


16-0 


Phosphorus 








! p 


31-0 


31-0 


Platinum 










Pt 


196-7 


196-7 


Potassium 










K 


39-04 


39 


Silver 








1 Ag 


107-66 


107-66 


Sodium 








Na 


22-99 


230 


Strontium 








Sr 


87-2 


87-2 


Sulphur 








S 


32-0 


32-0 


Tin 








Sn 


117-8 


1180 


Uranium 








Ur 


2400 


240-0 


VanadiiAm 








Va 


51-2 


51-2 


Zinc . 










Zn 


640 


65-0 



Digitized by VjOOQIC 



[xi] 



Abbreviations and Explanations. 

The formulae are constructed on the basis H = 1. = 16. 
H«0 = 18. 

The normal temperature for the preparation and use of standard 
solutions is IG^ C, or about 60** Fahr. 

c.c. denotes cubic centimeter. 

gm. „ gram = 15*43235 gmins English. 

gm. „ grain. 

dm. „ decem = 10 fluid grains. 

1 liter = 1000 c.c. at 16« C. 

1 C.C = 1 gm. distilled water at 16* C. 

1 dm.= 10gm. „ „ „ 

Distilled water is to be used in all the processes, unless otlicr- 
WLse expressed. 

Normal Solutions are those which contain one gram atom 
of re-agent (taken as monobasic), or an equivalent in some active 
constituent {e.g. oxygen^in the liter (see p. 23). 

Decinormal Solutions are one-tenth of that strength =:^u* 

Centinormal, one hundredth = jg^. 

Empirical Standard Solutions are those which contain no 
exact atomic proportion of re-agent, but are constructed generally 
80 that 1 c.c. = 01 gm. (one centigram) of the substance sought. 

A Titrated Solution (from the French word tiire, title or 
power) denotes a solution whose strength or chemical power has 
been accurately found by experiment. 

When a chemical substance or solution is directed to be titrated, 
the meaning is, that it is to be quantitatively tested for the amount 
^f pure substaiice it contains by the help of standard or titrated 
solutions. The term is used in preference to tested or analyzed^ 
because these expressions may relate equally to qualitative and 
quantitative examinations, whereas titration can only apply to 
quantitative examination. 

J,C,8, denotes Journal of the Chemical Society (Transactions 
only). 

Z, a. C. „ Zeitschrift fiir Analytische Chemie. 
C.N, „ Chemical News. 

Other book-references are given in full. 
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ERRATUM. 

Page 282. The equivalent number of Uranium should bo 240 instead 
of 118'8. 
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VOLUMETEIC ANALYSIS 

OP 

LIQUIDS AND SOLIDS. 



PART I. 



aENEBAL PRINCIPLES. 



§ 1. Quantitative analysis by weight, or gi-aviinetric analysis, 
consists in separating out the constituents of any compound, either 
in a pure state or in the form of some new substance of known 
composition, and accurately weighing the products. Such opera- 
tions are frequently very complicated, and occupy a long time, 
besides requiring in many cases elaborate apparatus, and the exercise 
of much care and experimental knowledge. Volumetric processes, 
on the other hand, are, as a rule, quickly performed ; in most cases 
are susceptible of extreme accuracy, and need much simpler 
apparatus. The leading principle of the method consists in sub- 
mitting the substance to be estimated to certain characteristic 
reactions, employing for such reactions solutions of known 
strength, and from the volume of solution necessary for the pro- 
duction of such reaction, determining the weight of the substance 
to be estimated by aid of the known laws of chemical equivalence. 

Volumetric analysis, or quantitative chemical analysis by measure, 
in the case of liquids and solids, consequently depends upon the 
following conditions for its successful practice : — 

1. A solution of the re-agent or test, the chemical power of 
which is accurately known, called the "standard solution." 

2. A graduated vessel from which portions of it may be ^. 
accurately delivered, called the burette. ^ ' 

3. The decomposi tioiMJroducod by the test solution with any ^> '" 
given substance must either in itself or by an indicator be such, 

that its termination is unmistakable to the eye, and thereby the *- 

quantity of the substance with which it has combined accurately 
detennined. 
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2 HANDBOOK OF § 1. 

Suppose, for instance, that it is desirable to know the quantity of 
pure silver contained in a shilling. The coin is first dissolved in 
nitric acid, by which means a bluish solution, containing silver, 
copper, and probably other metals, is obtained. Jt is a known fact 
that chlorine combines with silver in the presence of other metals 
to form silver chloride, which is insoluble in nitric acid. The pro- 
portions in which the combination takes place are 35*37 of clilorine 
to every 107 '66 of silver ; consequently, if a standard solution of pure 
sodic chloride is prepared by dissolving in wat-er such a weight of 
the salt as will be equivalent to 35*37 grains of chlorine ( = 58*37 
grains NaCl) and diluting to the measure of 1 000 grains ; every 
single grain measure of this solution will combine with 0*10766 grain 
of pure silver to form silver chloride, which is precipitated to the 
bottom of the vessel in which the mixture is made. In the process 
of adding the salt solution to the silver, drop by drop, a point is at 
last reached when the precipitate ceases to form. Here the process 
must stop. On looking carefully at the graduated vessel from 
which the standard solution has been used, the operator sees at 
once the number of grain measures which has been necessary to 
produce the complete decomposition. For example, suppose the 
quantity used was 520 grain measures ; all that is necessary to be 
done is to multiply 520 by the coefficient for each grain measure, 
viz. 0*10766, which shows the amount of pure silver present to be 
55*98 grains. 

This raethod of determining the quantity of silver in any given 
solution occupies scarcely a quarter of an hour, whereas the estimation 
by weighing could not be done in half a day, and even then not so 
accurately as by the volumetric method. It must bo understood 
that there are certain necessary precautions in conducting the above 
process which have not been described ; those will be found in their 
proper place ; but from this example it will at once be seen that the 
saving of time and trouble, as compared with the older methods of 
analysis, is immense ; besides which, in the majority of instances 
in which it can be applied, it is equally accurate, and in many cases 
much more so. 

The only conditions on which the volumetric system of analysis 
are to be carried on successfully are, that the greatest care is 
exercised with respect to the graduation of the measuring instru- 
ments, the strength and purity of the standard solutions, and the 
absence of other matters which would interfere with the accurate 
estimation of the particular substance sought. 

The fundamental distinction between gravimetric and volumetric 
analysis is, that in the former method, the substance to be 
estimated must be completely isolated in the purest possible state 
or combination, necessitating in many instances very patient and 
discriminating labour ; whereas, in volumetric processes, such com- 
plete separation is very seldom required, the processes being so 
contrived as to admit of the presence of half a dozen or more 
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§ 1. VOLUMETRIC ANALYSIS. 3 

other substances which have no effect upon the particular chemical 
leaction requiied. 

The process just described for instance, the estimation of silver 
in coin, is a case in point. The alloy consists of silver and copper 
Tnth small proportions of lead, antimony, tin, gold, etc. Kone of 
these things affect the amount of salt solution which is chemically 
required to precipitate the silver, whereas, if the metal had to be 
determined by weight it would be necessary to first filter the nitric 
acid solution to free it from insoluble tin, gold, etc.; then 
precipitate with a slight excess of sodic chloride ; then to bring the 
precipitate upon a filter, and wash repeatedly with pure water until 
every trace of copper, sodic chloride, etc., is removed. The pure 
silver chloride is then carefully dried, ignited separately from the 
filter, and weighed; the filter burnt, residue as reduced metallic silver 
and filter ash allowed for, and thus finally the amount of silver is 
found by the balance with ordinary weights. 

On the other hand, the volumetric process has been purely 
chemical, the burette or measuring instrument has taken the place 
of the balance, and theoretical or atomic weights have supplanted 
ordinary weights. 

The end of the operation in this method of analysis is in all 
cases made apparent to the eye. In alkalimetry it is the change 
of colour produced in litmus, turmeric, or other sensitive colouring 
matter. The formation of a permanent precipitate, as in the 
estimation of cyanogen. A precipitate ceasing to form, as in 
chlorine and silver determination. The appearance of a distinct 
colour, as in iron analysis by permanganate solution, and so on. 

I have adopted the classification of methods used by Mohr and 
others, namely :~ 

1. Where the determination of the substance is effected by 
saturation with another substance of opposite properties — 
generally understood to include acids and alkalies, or alkaline 
earths. 

2. Where the determination of a substance is effected by a 
reducing or oxidizing agent of known power, including most 
metals, with their oxides and salts ; the principal oxidizing agents 
being potassic permanganate, potassic bichromate, and iodine ; and 
the corresponding reducing agents, ferrous and stannous compounds, 
and sodic hyposulphite. 

3. Where the determination of a substance is effected by 
precipitating it in some insoluble and definite combination, an 
example of which occurs in the estimation of silver described 
above. 

This classification does not rigidly include all the volumetric 
processes that may be used, but it divides them into convenient 
sections for describing the peculiarity of the reagents used, and 
their preparation. If strictly followed out, it would in some cases 
necessitate the registration of the body to be analyzed under two 
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4 HANDBOOK OF § 1. 

or three heads. Copper, for instance, can be determined residually 
by potassic permanganate ; it can also bo determined by precipitation 
with sodic sulphide. The estimation of the same metal by potassic 
cyanide, on the other hand, would not come under any of the 
heads. 

It will be found, therefore, that liberties have be taken with the 
arrangement ; and for convenient reference all analytical processes 
applicable to a given body are included under its name. 

It may be a matter of surprise to some that several distinct 
volumetric methods for one and the same substance are given ; 
but a little consideration will show that in many instances 
greater convenience, and also accuracy, may be gained in this 
way. 

The operator may not have one particular reagent at command, 
or he may have to deal with such a mixture of substance as to 
preclude the use of some one method ; whereas, another may be 
quite free from such objection : the choice in such cases of course 
requires judgment, and it is of the greatest importance that the 
operator shall be acquainted with the qualitative composition of the 
matters with which he is dealing, and that he should ask himself 
at every step why such and such a thing is done. 

It will be apparent from the foregoing description of the 
volumetric system,* that it may be successfully used in many 
instances by those who have never been thoroughly trained as 
analytical chemists; but wo can never look for the scientific 
development of the system in such hands as these. 

Fleischer, in the last edition of his book (Die Titrlr- 
methode*)^ claims to have materially advanced the scientific basis 
of the system by his methods of separation of bases or acids; 
and both he and his translator appear to look upon the hitherto- 
published treatises on volumetry as mere collections of receipts or 
prescriptions, the details of which must be carried out literally, and 
with the strictest obedience, in order to estimate any given substance. 

If I were asked to state the first necessity of any analytical 
process, I would answer, accuracy ; if I were asked to state 
the second or even third necessity, I would again answer, 
accuracy. 

It is of course an easy matter to sacrifice this accuracy in some 
degree, in favour of that which looks like a comprehensive system, 
but the true interests of practical science cannot be advanced on 
such a principle. 

When the volumetric system was first fairly announced, it 
naturally gave rise to hosts of theoretical applications, which time 
and experience have proved in many instancea to be practically 
untrustworthy. 

The sketches of separation methods given by Fleischer are, 

* An abridged traoBlation by Pattinaon Muir was issued in 1877 (Maomillan). 
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§ 1. VOLUMETRIC ANALYSIS. 5 

unfortunately, not accompanied by any examples ; and any one who 
is minutely acquainted with the practical work of volumetric 
analysis, can readily detect instances in which they must lead to 
hopeless inaccuracy, for want of the very detail or prescription 
which the author condemns. 

The fact is, that in order to apply the volumetric system in cases 
of complicated mixtures of bases or acids, the operator must be 
an experienced as well as a trained analyst; and no system of 
instruction can be written for the tyro which will place him in the 
position of the accomplished chemist To the latter the instructions 
are needless, and to the tyro they can only be hopelessly misleading 
and useless. We need only glance at the literature of chemical 
analysis in general, to see how important it is to study in detail the 
nature of each substance and its special peculiarities ; and every day 
brings to light some improvement in processes, both gravimetric 
and volumetric, hitherto thought perfect. 

In the present treatise I have invariably enlarged upon the 
separation of substances under their respective heads as far as is 
possible, and pointed out where processes could be applied and 
■where not. This, I believe, is the safest method for the present ; 
meantime, it is above all things advisable, that those who follow 
the pursuits of chemical analysis should be real chemists, and not 
mere technical operators. 

In the preparation of this work I have endeavoured to describe 
all the operations and chemical reactions as simply as possible, 
purposely avoiding abstruse mathematical expressions, which, 
though they may bo more consonant with the modem study of 
chemical science, are hardly adapted to the technical operator. . 
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6 HANDBOOK OF § 2. 

THE INSTRUMENTS AND APPARATUS. 

THE BALANCE. 

§ 2. Strictly speaking, it is necessary to have two balances in 
order to carry out the volumetric system completely ; one to carry 
about a kilogram in each pan, and turn when loaded with 
about five milligrams. This instrument is used for graduating 
flasks, or for testing them, and for weighing large amounts of pure 
reagents for standard solutions. The second balance should be 
light and delicate, and to carry about fifty grams, and turn easily 
and quickly when loaded with one or two-tenths of a milligram. 
This instrument serves for weighing small quantities of substances 
to be tested, many of which are hygroscopic, and need to be 
weighed quickly and with great accuracy ; it also serves for testing 
the accuracy of pipettes and burettes. 

For all technical purposes, however, a moderate-sized balance 
of medium delicacy is quite sufficient, especially if rather large 
quantities of substances are weighed and brought into solution — 
then further subdivided by means of measuring flasks and pipettes. 

The operator also requires, besides the balance and the graduated 
instruments, a few beakers, porcelain basins, flasks, funnels, stirring 
rods, etc., as in gravimetric analysis; above all, he must be- 
pi'actically familiar with proper methods of filtration, washing of 
precipitates, and the application of heat. 

VOLTTMETBIO ANALYSIS WITHOUT WEIGHTS. 

§ 3. This is more a matter of curiosity than of value ; but, 
nevertheless, one can imagine circumstances in which it might be 
useful. In carrying it out, it is necessary only to have (1) a 
correct balance, (2) a pure specimen of substance to use as a weight, 
(3) an accurate burette filled with the appropriate solution. It is 
not necessary that the strength of this should be known ; but the 
state of concentration should be such as to permit the necessary 
reaction to occur under the most favourable circumstances. 

If a perfectly pure specimen of substance, say calcic carbonate, 
be put into one scale of the balance, and be counterpoised with an 
impure specimen of the same substance, and both titrated with the 
same acid, and the number of c.c. used for the pure substance be 
called 100, the number of c.c. used for the impure substance will 
correspond to the percentage of pure calcic carbonate in the specimen 
examined. 

The application of the process is, of course, limited to the use of 
such substances as are to be had pure, and whose weight is not 
variable by exposure ; but where even a pure substance of one kind 
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cannot be had as a weight, one of another kind may be used as a 
substitute, and the required result obtained by calculation. For 
instance, it is required to ascertain the purity of a specimen of sodic 
carbonate, and only pure calcic carbonate is at hand to use as a 
weight ; equal weights of the two are taken, and the impure speci- 
men titrated with acid. To arrive at the required answer, it is 
necessary to find a coefficient or factor by which to convert the 
number of c.c. required by the sodic carbonate, weighed on the 
calcic, into that which should be required if weighed on the sodic, 
basis. A consideration of the relative molecular weights of the two 
bodies Will give the factor thus — 

("alcic carbonate 100 q.qiqi 
Sodic carbonate 106 

If, therefore, the ac. used are multiplied by this number, the 
percentage of pure sodic carbonate will be obtained. The method 
may be e?ctended-to a number of substances, on this principle, with 
the exercise of a little ingenuity. 



YOLXTMETBIO ANALYSIS WITHOUT BTTBETTBS OB 
OTHEB aBADUATED INSTBTTKENTS. 

§ 4. This operation consists in weighing the standard solutions 
on the balance instead of measuring them. The influence of 
variation in temperature is, of course, here of no consequence. The 
chief requisite is a delicate flask, fitted with a tube and blowing 
ball, as in the burette, fig. 5, or an instrument known as 
Schuster's alkalimeter may be used. A special burette has been 
devised for this purpose by C a s a m a j o r ( C 'N, v. xxxv. p. 98). The 
method is capable of very accimite results, if care be taken in 
preparing the standard solutions and avoiding any loss in pouring 
the liquid from the vessel in which it is weighed. It occupies 
much more time than the usual processes of volumetric analysis, 
but at great extremes of temperature it is far more accurate. 



THE BUBETTE. 

§ 5. This instrument is used for the delivery of an accurately 
measured quantity of any particular standard solution. It invari- 
ably consists of a long glass tube of even bore, throughout the 
length of which arc engraved, by means of hydrofluoric acid, 
certain divisions corresponding to a known volume of fluid. 

It may be obtained in a great many forms, under the names of their 
respective inventors, such as Mohr, Gay Lussac, Binks, etc., 
but as some of these possess a decided superiority over others, it is 
not quite a matter of indifference which is used, and therefore a 
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slight description of them may not bo out of place here. The 
burette, with glass stop-cock or india-rubber tube and clip, contrived 
by Mohr, shown in figs. 1, 2, and 4, has the preference above all 
others for general purposes. 
The advantages possessed by this instrument are, that its constant 





Fi- ]. 



Fig. 2. 



upright position enables the opemtor at once to road off the number 
of degrees of test solution used for any analysis. The quantity of fluid 
to be delivered can be regulated to the greatest nicety by the pressure 
of the thumb and finger on the spring clip or by the tap ; and the 
instrument not being held in the hand, there is no chance of increasing 
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the bulk of the fluid by the heat of the body, and thus leading to 
incorrect measurement, as is the case with Binks' or Gay 
Lassac's form of instrument. The principal disadvantage, 
however, of these two latter forms of burette is, that a coirect 
reading can only bo obtained by placing them in an upright 




position, and allowing the fluiil to iind its perfect level. Tlio 
preference should, therefore, unhesitatingly be given to !Mohr's 
burette, wherever it can bo used ; the greatest drawback to its 
original form is, that it cannot be used for permanganate in con- 
sequence of its india-rubber tube, which decomposes tlie solution. 
This, however, can bo entirely obviated by the use of the same 
kind of burette fitted with a delicate glass stop-cock, as shown in 
fig. 4. This tap burette is very serviceable, as it can be used 
not only for permanganate but for all other solutions, and may also 
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bo arranged so as to deliver the solution in drops, leaving both 
the hands of the operator disengaged. The tap should be ground 
very accurately, and the end of the plug should have a collar of 
india-rubber or buckskin fastened on it, so as to prevent the plug 
from slipping out of its place. Owing to the action of caustic 
alkalies upon glass, such a burette does not answer well for strong 
solutions of potash or soda, unless emptied and -washed immediately 
after use. Two convenient forms of stand for Mohr's bui-ettes 
are shown in figs; 3 and 4 ; in the latter, the arms carrying the 
burettes revolve. ' 

We are indebted to Mohr for another form of instrument to 
avoid the contact of permanganate and india-rubber, viz., the foot 
burette, with elastic ball, shown in ^g, 5. 

The flow of liquid from the 
exit tube can be regulated to 
a great nicety by pressure 
upon the ball, which should 
be large, and have two open- 
ings, — one cemented to the 
tube with marine glue, and 
the other at the side, over 
which the thumb is placed 
when pressed, and on the 
removal of which it refills 
itself with air. 

Gay Lus sac's burette, 
supported in a wooden foot, 
may be used instead of the 
above form, by inserting a 
good fitting cork into the 
open end, through which a 
small tube bent at right 
angles is passed. If the 
burette is held in the right 
hand, slightly inclined to- 
wards the beaker or flask 
into which the fluid is to be 
measured, and the mouth 
applied to the tube, any 
portion of the solution may 
be emptied out by the pressure 
of the breath, and the disadvantage of holding the instrument in 
a horizontal position, to the great danger of spilling the contents, 
is avoided ; at the same time, the beaker or flask can be held 
in the left hand and shaken so as to mix the fluids, and by 
this means the end of the operation be moi-e accurately determined 
(see fig. 6). 
There is an arrangement of Mohr's burette whicli is extremely 
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Fig. 6. 
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eenriceable, when a series of analyses of the same character have 
to be made, such as in alkali works, assay offices, &c. It consists 
in haying a T piece of glass tube inserted between the lower 
end of the burette and the spring clip, which communicates with 
a reservoir of the standard solution, placed above, so that the 
burette may be filled as often as emptied, by a syphon, and in eo 




Fig. 7. 



gradual a manner that no air bubbles occur, as in the case of filling 
it with a funnel, or pouring in liquid from a bottle ; beside which, 
this plan prevents evaporation or dust in the standard solution 
either in the burette or reservoir. 

Figs. 7 and 8 show this arrangement in detail. 
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It sometimes happens that a solution requires titration at a hot or 
even boiling temperature, such as the estimation of sugar by copper 
solution; here the ordinary arrangement of Mohr's burette will 




Fig. 8. 

not be available, since the steam rising from the liquid heats the 
burette and alters the volume of fluid. This may be avoided by 
using a much longer piece of india-rubber tube, so that the burette 
stands at the side of the capsule or beaker being heated, and the 
elastic tube is brought over its edge; the pinch-cock is fixed 
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midway ; no heat can then reach the body of fluid in the 
burette, since there can be no conduction past the 
pinch-cock. If this plan is not adopted, aGayLussac 
or ball burette should be used. 

Gay Lussac's burette, shown in fig. 9, should have 
a wooden support or foot into which it may be inserted, 
so as to be read correctly. £y using it in the following 
manner, its natural disadvantages may be overcome to 
a great extent. Having fixed the burette into the foot 
securely, and filled it, take it up by the foot with the 
left hand, and resting the upper end upon the edge of 
the beaker in which the solution to be tested is placed, 
drop the test fluid from the burette, meanwhile stirring 
the contents of the beaker with a glass rod held in the 
right hand; by a slight elevation or depression of 
the left hand, the flow of test liquid is regulated until 
the end of the operation is secured, thus avoiding the 
annoyances which arise from alternately placing the 
instrument in an upright and horizontal position. 

Geissler's burette difiers from Gay Lussac's in 
having the fine tube enclosed within the large one, but 
as it is a difficult instrument to make, it has not found 
much favour. 

Binks', or, as it is sometimes called, the English 



Fig. 0. 




Fig. 10. 

burette, is well known, and need not be described ; it is the least 
recommendable of all forms, except for very rough estimations. 
It is most convenient to have burettes graduated to contain 25 
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or 30 C.C. in ^^ cc, 50 or 60 cc. iu ^ cc, and 100 or 110 c.c. in 
J or } c.c. 

The kind of pinch-cock generally 
used in Mohr's burette is shown in 
fig. 1. These are made of brass and 
soldered, which is objectionable, as 
they frequently come to pieces under 
the action of the solutions. I have 
for some time used pinch-cocks made 
of one piece of steel wire, as devised 
ISOCC H ^y Hart; the wire is softened by 
heating and coiling round, as shown 
in fig. 10. 

When the proper shape has been 
attained, the clip is hardened and 
tempered so as to ponvert it into a 
spring. 
10 CO E I : I H Another useful pinch-cock is shown 

in fig. 10. It may be made of hard 
wood, horn, or, preferably, of flat 
glass rod. The levers should be long. 
A small piece of cork, of the same 
thickness as the elastic tube of the 
burette when pressed close, should be 
fastened at the angles of the levers 
as shown in the engraving. 

The use of any kind of pinch-cock 
can be avoided, and a very delicate 
action obtained, by simply inserting a 
not too tightly fitting piece of solid 
glass rod into the elastic tube, between 
the end of the burette and the spit, a 
firm squeeze being given by the finger 
and thumb to the elastic tube sur- 
rounding the rod, a small canal is 
opened, and thus the liquid escapes, 
and of course can be controlled by 
Fiff- 11. the operator at his will. 



THB PIPETTE. 

§ 6. The pipettes used in volumetric analysis are of two kinds, 
viz., those which deliver one certain quantity only, and those which 
are graduated on the stem, so as to deliver various quantities at the 
discretion of the analyst. In the former kind, or whole pipette, 
the graduation may be either that in which the fluid is suffered to 
run out by its own momentum, or in which it is blown out by the 
breath. The best form is that in which the liquid flows out by its 
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ovm momentum, but in this case the last few drops empty them- 
selves very slowly ; but if the lower end of the pipette be touched 
against the moistened edge of the beaker or the surface of the fluid 
into which it is emptied, the flow is hastened considerably, and in 
graduating the pipette, it is preferable to adopt this plan. 

In both the whole and graduated pipettes, the upper end is 
narrowed to about ^ inch, so that the pressure of the finger is 
sufficient to arrest the flow at any point. 

Pipettes are invariably filled by sucking the upper end with the 
mouth, unless the liquid contain volatile or other highly poisonous 
matter, in which case the instrument may be dipped completely 
into the fluid, but in this case the outside liquid must be wiped off 
before measuring. Beginners invariably And a difficulty in quickly 
filling the pipette above the mark, and stopping the fluid at the 
exact point Practice with pure water is the only method of getting 
over this difiiculty. 

Fig. 1 1 shows two whole pipettes, one of small and the other of 
large capacity, and also a graduated pipette of medium siza It 
must be borne in mind that the pipette graduated throughout the 
stem is not a reliable instrument for actual analysis, owing to the 
difficulty of stopping the flow of liquid at any given point, and 
reading off the exact measurement. Its chief, use is in the 
approximate estimation of the strength of any standard solution 
in the course of preparation. 



THE KBASXTBINa FLASKS. 

§ 7. Thehe indispensable instru- 
ments are made of various capacities ; 
they serve to mix up standard solu- 
tions to a given volume, and also 
for the subdivision of the substance 
to be tested by means of the pipettes, 
and are in many ways most con- 
venient They should be tolerably 
wide at the mouth, and have a well- 
ground glass stopper, and the gradua- 
tion line should fall just below the 
middle of the neck, so as to allow 
room for 'shaking up the fluid. 
Convenient sizes are 100 c.c. (to 
deliver), 100, 200, 250, 300, 500, 
and 1000 c.c, the latter all graduated 
to contain the respective quantities. 
A liter flask is shown in fig. 12. 



y 




Fig. 12. 
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ON THE COBBECT BEADING OF OBADXTATED 
INSTBXJMENTS. 

§ 8. The surface of liquids contained in narrow tubes is always 
curved, in consequence of the capillary attraction exerted by the 
sides of the tube, and consequently there is a difficulty in obtaining 

a distinct level in the fluid 
to be measured. If, how- 
ever, the lowest point of the 
curve is made to coincide 
with the graduation mark, 
a correct proportional read- 
ing is always obtained, hence 
this method of reading is the 
most satisfactory (see fig. 13). 
The eye may be assisted 
materially in reading the 
divisions ^n a graduated 
tube by using a small card, 
Fig. 13. the lower half of which is 

blackened, the upper re- 
maining white. If the line of division between the black and 
white bo held about an eighth of an inch below the surface of the 
licjuid, and the eye brought on a level with it, the meniscus then 
can be seen by transmitted light, bounded below by a sharply 
defined black lino. A card of this kind, sliding up and down a 
support, is of great use in verifying the graduation of the burettes 
or pipettes with a cathetometer. The burette or pipette 
is filled with water at the proper temperatui*e, and the 
contents of each division of 10 c.c. or so carefully road 
off with the telescope and weighed. In order to do 
this with pipettes they must be fixed in a burette 
support, and have over their upper end a tightly fitting 
elastic tube closed with a pinch-cock. The operator 
may here consult with advantage the details of gradu- 
ating and verifying measuring instruments for the 
analysis of gases as described in Part 7. It is hardly 
necessary to say, that in taking the readings of burettes, 
pipettes, and flasks, the graduation mark should 
coincide as nearly as possible with the level of the 
operator's eye. 

ErdmamCs Float, This useful little instrument to 
accompany Mohr's burette, gives the most accurate 
reading that can be obtained ; its form is shown in 
fig. 14. It consists of an elongated glass bulb, rather 
smaller in diameter than the burette itself, and weighted at the 
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lower end with a globulo of mercury, like an hydrometer. It is 
drawn to a point at tlie upper end, and the point is bent round so 
as to form a small hook, by means of which it can be lifted in and 
out of the burette with a bent wire ; a line is made with a diamond 
round its midille by means of a lathe, and the coincidence of this 
line with the graduation mark of the burette is accepted as the 
true reading. The actual height of the liquid in the burette is not 
regarded, because if the operator begins with the line on the float, 
opposite the graduation mark on tlie burette, the same pro- 
portional division is always 
maintained. 

It is essential that the float 
should move up and down in 
the burette without wavering, 
and the circle upon it should 
always be parallel to the 
graduations of the burette. 
One great value of this float 
is found in testing the accuracy 
of the burette itself ; it enables 
a strict comparison to be made 
between say each 10 c.c, with 
very slight diffei-ences in weigh- 
ing, supposing the instrument 
to be correct. It is always 
well, however, to bear in mind 
that absolute accuracy cannot 
be obtained in graduating in- 
struments; 5 or 10 milligrams 
of water either way in JO c.c. 
may safely be disregarded. 

To prevent evaporation and 
the entrance of dust in Mohr ' s 
burette, while in use, a small 
beaker or wide test tube should 
be dropped over its orifice. In 
burettes containing caustic al- 
kaline solutions, a cork with 
carbonic acid tube should bo 
used|if the solution is allowed 
to remain in them for any 
length of time. 

liesides the measuring flasks 
it is necessary to have graduated vessels of cylindrical form, for the 
purpose of preparing standard solutions, &c. 

Fig. 15 shows a stoppered cylinder for this purpose, generally 
called a test mixer. 
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ON THE SYSTEM 07 WEIGHTS AND MEASXTBES 
TO BE ADOPTED IN VOLXTMETBIC ANALYSIS. 

§ 9. It is mucii to be regretted that the decimal system of 
"weights and measures used on the Continent is not universally 
adopted, for scientific and medicinal purposes, in England. Its 
great advantage is its uniformity throughout. The unit of weight 
is the gram (=15-43235 grains troy), and a gram of distilled 
water at 4° C, or 39° Fahr., measures exactly a cubic centimeter. 
The kilogram contains 1000 grams, the liter 1000 cubic centi- 
meters. 

It may not be out of place here to give a short description of the 
origin of the French decimal system, now used exclusively for 
scientific purposes in that country, and also in Prussia, Austria, 
Holland, Sweden, Denmark, Belgium, and Spain. 

The commission appointed in France for the purpose of instituting 
a decimal system of weights and measures, founded their standard 
on the length of the meridian arc between the pole and equator, 
the ten-millionth part of which was called the metre ( = 39*3710 
English inches), although tho accuracy of this measurement has 
been disputed. It would have been preferable, as since proposed, 
that the length of a pendulum vibrating exactly 86,400 times in 
twenty-four hours, or one second for each vibration, equivalent to 
39-1372 English inches, should have been taken as the standard 
metrey in which case it would have been much easier to verify the 
standard in case it should be damaged or destroyed. However, the 
actual mtitre in use is equal to 39 371 inches, and from this standard 
its multiples and subdivisions all proceed decimally ; its one-tenth 
part being the decimetre, one-hundredth the centimetre, and one- 
thousandth the millimetre. 

In accordance with this, a cube of distilled water at its greatest 
density, viz., 4** C, or 39** Fahr., whose side measures one decimeter, 
lias exactly the weight of one kilogram, or 1000 grams, and occupies 
the volume of 1 liter, or 1000 cubic centimeters. 

This simple relationship between liquids and solids is of great 
value in a system of volumetric analysis, and even for ordinary 
analysis by weight ; for technical purposes it is equally as applicable 
as the grain system, the results being invariably tabulated in 
percentages. 

"With these brief explanations, therefore, I have only to state 
that the French decimal system will be mainly used throughout 
thii treatise ; but at the same time, those who may desire to adhere 
to the ordinary grain weights, can do so without interfering with 
the accuracy of the processes described. 

As has been before stated, the true cubic centimeter contains 
one gram of distilled water at its greatest density, viz., 4° C, 
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or 39° Fahr. ; bat as this is a degree of temperature at which it 
is impossible to work for more than a month or two in the year, it 
is better to take the temperature of 16° C, or about 60^ Fahr., as 
the standard ; because in winter most laboratories or rooms have 
furnaces or other means of warmth, and in summer the same 
localities ought not, under ordinary circumstances, to have a much 
higher degree of heat than 16" C. In order, therefore, that the 
graduation of instruments on the metrical system may bo as 
uniform as possible with our own fluid measures, the cubic 
centimeter should contain one gram of distilled water at 16"* C. 
The true c.c. {i.e. = 1 gm. at 4** C, or 39** Fahr.) contains only 
0-999 gm. (strictly 0-998981) at that temperature; but for con- 
venience of working, and for uniformity with our own standards 
of volume, it is better to make the c.c. contain one gram at 16° C. 
The real difference is one-thousandth part. The operator, there- 
fore, supposing he desires to graduate his own measuring flasks, 
must weigh into them 250, 500, or 1000 grams of distilled water 
at 16" C, or 60° Fahr. 

Fresenius and others have advocated the use of the strict liter 
by the graduation of instruments, so that they shall contain 
999 gm. at 16° C. Mohr, on the contrary, uses a 1000 gm., at 
the temperature of 17*5°, the real difference being 1-2 c.c. in the 
liter, or about one eight-hundredth part. 

It will be seen above that I have advocated a middle course on 
two grounds : (1) That in testing instruments it is much easier 
to verify them by means of round numbers, such as 5 or 10 gm. ; 
(2) That there are many thousands of instruments already in use 
varying between the two extremes ; and as these cannot well be 
annihilated, the adoption of a mean will give a less probable amount 
of error between the respective instruments ; and, moreover, the 
difference between the liter at 4° and 16° being one-thousandth 
part, it is easy to correct the measurement for the exact liter. 

It matters not which plan is followed, if all the instruments in 
a particular set coincide with each other; but it would be 
manifestly wrong to use one of Mohr's burettes with one of 
Fresenius' measuring flasks. Operators can, however, without 
much difficulty, re-mark their measuring flasks to agree with their . 
smaller graduated instruments, if they are found to differ to any 
material extent. 

Variations of Temperature. — In the preparation of standard 
solutions, one thing must especially be borne in mind ; namely, 
that saline substances on being dissolved in water have a consider- 
able effect upon the volimie of the resulting liquid. The same is 
also the case in mixing solutions of various salts or acids with each 
other (see Gerlach, " Specifische Gewichte der Salzlosungen ;" 
Gerlach, also **Sp. Gewichte von wasserigen Losungen,*' Z. a. C, 
V. viii p. 245). 
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In the case of strong solutions, the condensation in volume is as 
a rule considerahle : and, therefore, in preparing such solutions for 
volumetric analysis, or in diluting such solutions to a given volume 
for the purpose of removing aliquot portions subsequently for 
examination, sufficient time must be given for liquids to assume 
their constant volume at the standard temperature. If the strength 
of a standard solution is known for one temperature, the strength 
corresponding to another temperature can only be calculated if the 
rate of expansion by heat of the liquid is known. The variation 
cannot be estimated by the kno>vn nile of expansion in distilled 
water; for Gerlach has shown that even weak solutions of acids 
and salts expand far more than water for certain increments of 
temperature. The rate of expansion for pure water is known, 
and may be used for the purpose of verify' ing the graduation of 
instruments, where extreme accuracy is required. The following 
short table furnishes the data for correction (Watts' Diet of 
Chem. V. i p. 256). 

The weight of 1000 c.c. of water of t° C, when determined by 
means of brass weights in air of t" C, and at 0*76 m.m. pressure, 
is equal to 1000 - x gm. 

Slight variations of atmospheric pressure may be entirely 
disregarded. 
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Bearing the foregoing remarks in mind, therefore, the safest plan 
in the operations of volumetric analysis, so far as measurement is 
concerned, is to use solutions as dilute as possible. Absolute 
accuracy in estimating the strength of standard solutions can only 
be secured by weight, the ratio of the weight of the solution to the 
weight of active substance in it being independent of temperature. 

Casamajor ((7. N, v. xxxv. p. 160) has made use of the 
data given by Matthiessen in his I'esearches on the expansion 
of glass, water, and mercury, to construct a table of corrections to 
be used in case of using any weak standard solution at a different 
temperature to that at which it was originally standardized. 

The expansion of water is different at different temperatures ; 
the expansion of glass is known to be constant for all temperatures 
up to 100'. The correction of volume, therefore, in glass burettes, 
must be the known expansion of each c.c. of water for every P C, 
less the known expansion of glass for the same temperature. 
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It is not necessaiy here to reproduce the entire paper of 
Casamajor, but the results are shortly given in the following 
table. 

The normal teniperatui-e is 15° C. j and the figures given are the 
relative contractions below, and expansions above, 15** C. 

3>eg. C. 

24 + -001686 

25 + 001919 

26 + 002159 

27 + -002406 

28 + 002657 

29 + 002913 

30 + 003179 

31 + 008453 

32 + 003789 
83 + 004085 

34 + 004342 

35 + 004660 

36 + 004987 

37 + 005323 

38 + -005667 

39 + 006040 

40 + 006382 

By means of these numbers it is easy to calculate the volume of 
liquid at 15° C. corresponding to any volume observed at any 
temperature. If 35 c.c. of solution has been used at 37° C, the 
table shows that 1 c.c. of water in passing from 15° to 37° is 
increased to 1 •005323 c.c. ; therefore, by dividing 35 c.c. by 1-005323 
is obtained the quotient 34-819 c.c, which represents the volume 
at 15° corresponding to 35 c.c. at 37° j or the operation can be 
simplified by obtaining the factor, thus : 

J = 0-994705 

1-005323 

A table can thus be easily constructed which would show the 
factor for each degree of temperature. 

These corrections are useless for concentrated solutions, such as 
normal alkalies or acids; with great variations of temperature 
these solutions should be used by weight. 

The accurate graduation of burettes and pipettes can only be 
done by carefully constructed machines, and is, therefore, generally 
' speaking, beyond the compass of the analyst himself; nevertheless, 
they should be carefully tested by him before being used, as, 
unfortunately, they do not always possess the accuracy to which 
they pretend. In the verification of both burettes and pipettes, it 
is only necessary to allow ten cubic centimeters of distilled water 
to flow fifom the instrument to be tested into a dry and accurately 
tared flask or beaker. If the weight at 16° C, or 60° Fahr., is 10 
grams, it is sufficient; the next 10 c.c. may be tried in like 
manner, and so on until the entire capacity is proved ; differences 
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of 5 or 10 milligrams may be disregarded, Thorpe (Quantit 
Chem, Anal, p. 119) attaches the burette or pipette with elastic 
tube and pinch-cock to a balance, and thus weighs the respective 
volumes of fluid delivered. 

Beside the liter flask, it is advisable to have flasks graduated for 
1 00, 200, 250, 300, and 500 c.c, as they are extremely serviceable in 
dividing small quantities of substance into still smaller proportional 
parts. Suppose, for instance, it is desired to take the tenth part 
of a solution for the purpose of separating any single constituent, 
let it be put into a 200 c.c. flask, which is then filled to the mark 
with water or other appropriate liquid, and well shaken ; 20 c.c. 
taken out with a pipette will at once give the quantity required. 

Instruments graduated on the Grain System, — Burettes, pipettes, 
and flasks may also be graduated in grains, in which case it is best 
to take 10,000 grains as the standard of measurement. In order 
to lessen the number of figures used in the grain system, so far 
as liquid measures are concerned, I propose that ten fluid grains be 
called a decem, or for shortness dm. ; this term corresponds to the 
cubic centimeter bearing the same proportion to the 10,000 grain 
measure as the cubic centimeter does to the liter, namely, the 
one-thousandth part. The use of a term like this will serve to 
prevent the number of figures, which are unavoidably introduced 
by the use of a small unit like the grain. 

Its utility is principally apparent in the analysis for percentages, 
particulars of which will be found hereafter. 

The 1000 grain burette or pipette will, therefore, contain 100 
decems, the 10,000 gr. measure, 1000 dm., and so on. 

The capacities of the various instruments graduated on the grain 
system may be as follows : — 

Flasks : 10000, 5000, 2500, and 1000 grs. = 1000, 500, 250, and 
100 dm. Burettes : 300 grs. in 1-gr. divisions, for very delicate 
purposes =30 dm. in ^'q i ^^^ grs« ^^ 2-gr. divisions, or ^ dm. ; 
1100 grs. in 5-gr. divisions, or ^ dm. ; 1100 grs. in lO-gr. divisions, 
or 1 dm. The burettes are graduated above the 500 or 1000 grs. 
in order to allow of analysis for percentages by tbe residual method. 
Whole pipettes to deliver 10, 20, 50, 100, 200, 500, and 1000 grs., 
graduated ditto, 100 gr. in ^^ dm. ; 500 grs. in J dm. ; 1000 grs. 
in 1 dm. 

Those who may desire to use the decimal systems constructed on 
the gallon measure = 70,000 grains, will bear in mind that the 
"septem" of Griffin, or the "decimillen" of A eland, are each 
equal to 7 grs., and therefore bear the same relation to the 
pound = 7000 grs., as the cubic centimeter does to the liter, or the 
decem to the 10,000 grs. An entirely different set of tables for 
calculations, &c., is required for these systems ; but the analyst may 
readily constnict them when once the principles contained in this 
treatise are imderstood. 
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VOLTTMETRIC AKALTSIS BASED ON THE STSTEK OF 
CHEMICAL EaxrrVALEKCE AND THE PBEFABATION 
OF NOBKAL TITRATED SOLXTTIONS. 

§ 10. When analysis by measure first came into use, the test 
solutions were generally prepared so that each substance to be tested 
had its own special re-agent ; and the strength of the standard 
solution was so calculated as to give the result in percentages. 
Consequently, in. alkalimetry, a distinct standard acid was used for 
soda, another for potash, a third for ammonia, and so on, necessi- 
tating a great variety of standard solutions. 

Griffin and Ure appear to have been the first to suggest the use 
of standard test solutions based on the atomic system ; and, following 
in their steps, Mohr has worked out and veriiied many methods of 
analysis, which are of great value to all who concern themselves 
with scientific and especially technical chemistry. Kot only has 
Mohr done this, but in addition to it, he has enriched his 
processes with so many original investigations, and improved the 
necessary apparatus to such an extent, that he may with justice 
be called the father of the volumetric system. 

Nortnal Solutions, — It is of great importance that no misconcep- 
tion should exist as to what is meant by a normal solution ; but it 
does unfortunately occur, as may be seen by reference to the 
chemical journals, also to Muir's translation of Fleischer's 
book (5ee Allen, C, N, v. xl. p. 239). Normal solutions are 
prepared so that one liter at 16° C. shall contain the hydrogen 
equivalent of the active re-agent weighed in grams (H = 1). Semi- 
normal, quintinormal, decinormal, and centinormal solutions are 
also required, and may be shortly designated as | J ^'J and -^^^ 
solutions. 

In the case of univalent substances, such as silver, iodine, 
hydrochloric acid, sodium, &c., the equivalent and the atomic 
(or in the case of salts, molecular) weights are identical ; thus, a 
normal solution of hydrochloric acid must contain 36*37 grams of 
the acid in a liter of fluid, and sodic hydrate 40 grams. In the 
case of bivalent, substances, such as lead, calcium, oxalic acid, 
sulphurous acid, carbonates, &c., the equivalent is one-half of the 
atomic (or in the case of salts, molecular) weight j thus, a normal 
solution of oxalic acid would be made by dissolving 63 grams of 
the crystallized acid in distilled water, and diluting the liquid to 
the measure of one liter. 

Further, in the case of trivalent substances, such as phosphoric 
acid, a normal solution of sodic phosphate would be made by 
weighing -'|-B - 119'3 grams of the salt, dissolving in distilled water, 
and diluting to the measure of one liter. 
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One important point, however, must not be lost sight of, namely, 
tliat in preparing solutions for vohimetric analysis the value of a 
reagent as expressed by its eipiivalent hydrogen-weight must not 
always be regarded, but rather its particular reaction in any given 
analysis; for instance, tin is a quadrivalent metal, but when 
using stannous chloride as a reducing agent in the analysis of 
iron, the half, and not the fourth of its molecular weight is 
required, as is shown by the equation Fe" ("1^+ Sn Cl^= 2 Fe Cl« 
+ SnCl*. 

In the same manner with a solution of potassic permanganate 
Mn KO* Avhen used as an oxidizing agent, it is the available oxygen 
which has to be taken into account, and hence in constructing a 
normal solution one-fifth of its molecular weight ip = 31*6 
grams must be contained in the liter. 

Other instances of a like kind occur, the details of which will 
be given in the proper place. 

A further illustration may be given in order to show the 
method of calculating the results of this kind of analysis. 

Each c.c. of y^ silver solution will contain i^Jj^^ of the 
atomic weight of silver = 0*010766 gm., and will exactly precipitate 
iioiJDiy ^^ ^^^ atomic weight of chlorine = 0035 3 7 gm. from any 
solution of a chloride. 

In the case of normal oxalic acid each c.c. will contain -^q^jj^ of 
the molecular weight of the acid = 0'C63 gm., and will neutralize 
t?C(3^ of the molecular weight of sodic monocarbonate = 0-053 
gm., or will combine with 75*00 of the atomic weight of a 
dyad metal such as lead = 0*1032 gm., or will exactly saturate 
I's'&o ^^ ^^^ molecular weight of sodic hydrate = 0*040 gm., and 
so on. 

Where the 1000 grain measure is used as the standard in place of 
the liter, 63 grains of oxalic acid would be used for the normal 
solution ; but as 1000 grains is too small a quantity to make, it is 
better to weigh 630 grains, and make up the solution to 10,000 
grain measures- 1000 dm. The solution would then have exactly 
the same ' strength as if prepared on the liter system, as it is pro- 
portionally the same in chemical power 3 and either solution may 
be used indiscriminately for instruments graduated on either scale, 
bearing in mind that the substance to be tested with a c.c. 
burette must be weighed on the gram system, and vice versa, 
unless it be desired to calculate one system of weights into the 
other. 

The great convenience of this equivalent system is, that the 
numbers used as coefficients for calculation in any analysis are 
familiar, and the solutions agree with each other, volume for 
volume. AVe have hitherto, however, looked only at one side of its 
advantages. For technical |)urposes, the plan allows the use of 
all solutions of systematic strength, and simply varies the amount 
of substance tested according to its equivalent weight. 
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Thus, the normal solutions say, are — 

Crystallized oxalio acid =63 gm. per liter. 

Snlphnric acid =49 gm. „ 

Hydrochloric acid -36-37 gm. „ 

Nitric acid =63 gm. „ 
Anhydrous sodic carbonate =53 gm. „ 

Sodic hydrate =40gm. „ 

Ammonia =17gm. „ 

100 C.C. of any one of these normal acids should exactly neutralize 
100 C.C. of any of the normal alkalies, or the corresponding amount 
of pure substance which the 100 c.c. contain. In commerce wo 
continually meet with substances used in manufactures which arc 
not pure, and it is necessary to know how much pure substance 
they contain. 

Let us take, for instance, refined soda ash (sodic carbonate). If 
it were absolutely pure, 5*3 gm. of it should require exactly 100 c.c. 
of any normal acid to saturate it. If we therefore weigh that 
quantity, bring it into solution with water, add litmus, and deliver 
into the mixture the normal acid from a 100 c.c. burette, the number 
of C.C. required to saturate it will show the percentage of pure sodic 
carbonate in the sample. Suppose 90 c.c. are required = 907o- 

Again — a manufacturer buys common oil of vitriol, and requires 
to know the exact percentage of pure hydrated acid in it; 4*9 grams 
are weighed, diluted with water, litmus added, and normal alkali 
delivered in irom a 100 c.c. burette till saturated ; the number of 
c.c. used will be the percentage of real acid. • Suppose 58*5 c.c. are 
required = 58*57o. 

On the grain system, in the same way, 53 grains of the sample 
of soda ash would reciuire 90 dm. of normal acid, also equal to 

90«/o. 

Or, suppose the analyst desires to know the equivalent percentage 
of dry caustic soda, free and combined, contained in the above 
sample of soda ash, without calculating it from the carbonate found 
as above, 3*1 gm. is treated as before, and the number of c.c. 
required is the percentage of sodic oxide. In the same sample 
52*6 CO. would be required = 52*6 per cent, of sodic oxide, or 90 
per cent, of sodic carbonate. 

Method for j^fcentage of Purity in Commercial Stihstanc-es. — 
The rules, therefore, for obtaining the percentage of pure substance 
in any commercial article, such as alkalies, acids, and various 
salts, by means of systematic normal solutions such as have been 
described, are these — 

1. Witli normal solutions j^ or -^q (according to its atomicity) 
of the molecular weight in grams of the substance to be analyzed 
is to be weighed for titration, and the number of c.c. required to 
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produce the desired reaction is the percentage of the substance 
whose atomic weight has been used. 

With decinormal solutions j^-q- or^^^ of the molecular weight in 
grams is taken, and the number of c.c. required will, in like manner, 
give the percentage. 

Where the grain system is used it will be necessary, in the case 
of titrating with a normal solution, to weigh the whole or half the 
molecular weight of the substance in grains, and the number of 
decoms required will be the percentage. 

With decinormal solutions, ^'^ or -^^ of the molecular weight in 
gi'ains is taken, and the number of decems will be the percentage. 

It now only remains to say, with respect to the system of weights 
and measures to be used, that the analyst is at liberty to choose his 
own plan. Both systems are susceptible of equal accuracy, and he 
must study his own convenience as to which he will adopt. Tlio 
normal solutions prepared on the gram system are equally applicable 
for that of the grain, and vice versa, so that there is no necessity for 
having distinct solutions for each system. 

Factors, or Coefficients, for the Calctdaiion of Analyses, — 
It frequently occurs that from the nature of the substance, or from 
its being in solution, this percentage method cannot be conveniently 
followed. For instance, suppose the operator has a solution con- 
taining an unknown quantity of caustic potash, the strength of 
which he desires to know; a weighed or measured quantity of 
it is brought under the acid burette and saturated- exactly by the 
aid of litmus, 32 c.c. being required. The calculation is as 
follows : — 

The molecular weight of potassic hydrate being 56 : 100 c.c. of 
normal acid will saturate 6*^ gm. ; therefore, as 100 c.c. are to 5-6.gm., 

so are 32 c.c. to a;,-^^^= 1-792 gm. KHO. 

The simplest way, therefore, to proceed, is to multiply the number 
of C.C. of test solution required in any analysis, by the ^ q%j, (or , ^%o 
if bivalent) of the molecular weight of the substance souglit, which 
gives at once the amount of substance present. 

An example may be given — 1 gm. of marble or linlestone is taken 
for the estimation of pure calcic carbonate, and exactly saturated 
with standard nitric or hydrochloric acid — (sulphuric or oxalic acid 
are, of course, not admissible) 17*5 c.c. are required, therefore, 
17-5 X. 0-050 (the ^-^ of the molecular weight of Ca CO') gives 
0'875 gm., and as 1 gm. of substance only was taken = 87' 5 % calcic 
carbonate. 

Preservation of Solutions, — ^There are test solutions which, 
in consequence of their proneness to decomposition, cannot be kept 
at any particular strength for a length of time ; consequently they 
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must be titrated on every occasion before being used. Stannous 
chloride and sulphurous acids are examples of such solutions. 
Special vessels have been devised for keeping solutions liable to 
alter in strength by access of air, as shown in figs. 16 and 17. 

Fig. 16 is especially applicable to caustic alkaline solutions, the 
tube passing tliough the caoutchouc stopper being filled with dry 
soda-lime, resting on cotton wool. 

Fig. 17, designed by Mohr, is a considerable improvement 
upon this, since it allows of the burette being filled with the 




Fig. 16. 



Fig. 17. 



solution from the store bottle quietly, and without any access of 
air whatever. The vessel can be used for caustic alkalies, baryta, 
stannous chloride, permanganate, and sulphurous acid, or any other 
liquid liable to undergo change by absorbing oxygen. The corks 
are dried &nd soaked in melted paraffine ; or still better, may be 
substituted by caoutchouc stoppers ; and a thin layer of petroleum 
oil, such as is used for burning, is poured on the top of the solution, 
where, of course, owing to its low specific gravity, it always floats. 
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placing an impermeable division between the air and the solution ; 
and as this body (which should always be as pure as possible) is 
not affected by these reagents in their diluted state, this form offers 
great advantages. Solutions not affected chemically by contact 
with air should nevertheless be kept in bottles, the corks or stoppers 
of which are perfectly closed, and tied over with india-rubber or 
bladder to prevent evaporation, and should further be always shaken 
before use, in case they are not quite full. The influence of bright 
light upon some solutions is very detrimental to their chemical 
stability; hence it is advisable to preserve all solutions not in 
immediate use in the dark, and at a temperature not exceeding 
15 or 16° C. 



ON THE DIRECT AND INDIRECT PBOCESSES OF 
ANAI.7SIS AND THBIB TERMINATION. 

§ 11. The direct method includes all those analyses where the 
substance under examination is decomposed by simple contact with 
a known quantity or equivalent proportion of some other body 
capable of combining with it, and where the end of the decomposition 
is manifested in the solution itself. 

It also properly includes those analyses in which the substance 
reacts upon another body to the expulsion of a representative 
equivalent of the latter, which is then estimated as a substitute for 
the thing required. 

Examples of this method are readily found in the process for the 
determination of iron by potassic permanganate, where the beautiful 
rose colour of the permanganate asserts itself as the end of the 
reaction. 

The testing of acids and alkalies comes, also, under this class, the 
great sensitiveness of litmus, turmeric, or other indicators, allomng 
the most trifling excess of acid or alkali to alter their colour. 

The indirect method is exemplified in the analysis of manganese 
ores, and also other peroxides and oxygen acids, by boiling with 
hydrochloric acid. The chlorine evolved is estimated as the 
equivalent of the quantity of oxygen which has displaced it. We 
are indebted to Bun sen for a most accurate and valuable series of 
processes based on this principle. 

The residual method is such that the substance to be analyzed is 
not estimated itself, but the excess of some other body added for 
the purpose of combining with it or of decomposing it; and the 
quantity or strength of the body added being known, and the con- 
ditions under which it enters into combination being also known, 
by deducting the remainder or excess (which exists free) from the 
original quantity, it gives at once the proportional quantity of the 
substance sought. 

An example will make the principle obvious : — Suppose that a 
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sample of native calcic or baric carbonate is to be tested. It is not 
possible to estimate it with standard nitric or hydrochloric acid in 
the exact quantity it requires for decomposition. There must be 
an excess of acid and heat applied also to get it into solution ; if, 
therefore, a known excessive quantity of standard acid be first 
added, and solution obtained, and the liquid then titrated backward 
with litmus and standard alkali, the quantity of free acid can be 
exactly determined, and consequently that which is combined also. 

In some analyses it is necessary to add a substance which shall 
be an indicator of the end of the process ; such, for instance, is 
litmus or the azo colours in alkalimetry, potassic chromate in silver 
and chlorine, and starch in iodine estimations. 

There are other processes, the end of which can only be determined 
by an indicator separate from the solution ; such is the case in the 
estimation of iron by potassic bichromate, where a drop of the liquid 
is brought into contact with another drop of solution of red potassic 
prussiate on a white slab or plate ; when a blue colour ceases to form 
by contact of the two liquids, the end of the process is reached. 
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PAET 11. 
ANALYSIS BY SATURATION. 

ALKAIilKETBY. 

§ 12. Gay Lussac based his system of alkalimetry upon a 
titrated solution of sodic carbonate, with a corresponding solution 
of sulphuric acid ; and, as this "was devised mainly for the use of soda 
manufacturers, it was doubtless the best system for that purpose. It 
possesses the recommendation, that a pure standard solution of sodic 
carbonate can be more readily obtained than any other form of 
alkali. Mohr has introduced the use of caustic alkali instead of a 
carbonate, the strength of which is established by a standard 
solution of oxalic or sulphuric acid. The advantage in the latter 
system is, that in titrating acids with a caustic alkali, the well- 
known interference produced in litmus by carbonic acid is avoided ; 
this difficulty is now overcome with carbonates by the azo indicators. 



INDIOATOBS USED IN 
AI.KALIMETB7. 

§ 13. 1. Litmus Solution, (a) In test- 
ing both acids and alkalies it is customary 
to employ a solution of litmus as indica- 
tor, which may be prepared by taking 
about 10 grams of the solid material, 
and digesting it with half a liter of 
distilled water for a few hours in a 
warm place, decanting the clear liquid 
from the sediment, adding a few drops 
of dilute nitric acid so as to produce a 
violet colour, and preserving it in an 
open bottle with narrow neck and bulb 
tube for removing drops as may be 
required (fig. 18). 

If at any time the colour of the liquid 
should partially disappear, it may be 
restored again by exposing it to the air 
in an open dish. 

(b) A purer solution of litmus may be 
prepared as follows : — Boil the litmus, previously reduced to coarse 
powder, two or three times with alcohol or methylated spirit of 
about 80 per cent., and throw the liquid so obtained away (this 




Fig. 18. 
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treatment removes some colouring matter which is a hindrance to 
the proper reaction); then digest the litmus repeatedly with cold 
dLstiUed water till all soluhle colour is extracted ; let the mixed 
washings settle until clear, decant and add to them a few drops of 
concentrated sulphuric acid until quite red, then heat to hoiling (this 
will decompose the alkaline carbonates and convert them into 
sulphates), now cautiously add baryta water until the colour is 
restored to blue or violet, pass a few bubbles of carbonic acid 
through the liquid, let the baric sulphate and carbonate settle 
perfectly, and decant into a proper vessel for use. 

(c) A still purer blue colour may be obtained as follows : — Extract 
all soluble matters from the solid litmus by repeated quantities of 
hot water ; evaporate the mixed extracts to a moderate bulk, and 
add acetic acid in slight excess to decompose carbonates; evaporate 
to a thick extract, transfer this to a beaker, and add a large pro- 
portion of 90-per-cent. alcohol or methylated spirit: by this 
treatment the blue colour is precipitated and the alkaline acetates, 
together with some red colouring matter, remain dissolved ; the 
fluid with precipitate is thrown on a filter, washed with spirit, and 
the pure colouring matter finally dissolved in warm distilled water, 
through the filter, for use. 

Free carbonic acid interferes considerably with the production of 
the blue colour, and its interference in titrating acid solutions with 
alkaline carbonates can only be got rid of by boiling the liquid 
during the operation, in order to displace the gas from the solution. 
If this is not done, it is easy to overstep the exact point of neutrality 
in endeavouring to produce the blue colour ; the same difficulty is 
also found in obtaining the pink-red when acids are used for 
titrating alkaline carbonates, hence the great value of the caustic 
alkaline solutions free from carbonic acid in acidimetry. 

It sometimes occurs that titration by litmus is required at night. 
Ordinary gas or lamp light is not adapted for showing the reaction 
in a satisfactory manner; but a very sharp lino of demarcation 
between red and blue may be found by using a monochromatic 
light ; with the yellow sodium flame the red colour appears 
perfectly colourless, while the blue or violet appears like a mixture 
of black ink and water; the transition is very sudden and even 
sharper than the change by daylight. 

The operation should be conducted in a perfectly dark room ; 
and the flame may be best obtained by heating a piece of platinum 
coil sprinkled with salt, or a piece of pumice saturated with a 
concentrated solution of salt in the Bunsen flame. 

2. latmuB Paper. — Is simply made by dipping strips of filtering 
paper in the solution and drying them ; if required red, the liquid 
is slightly acidified. 

3. Ooohineal Solution. — This indicator possesses the advantage 
over litmus, that it is not so much modified in colour by the presence 
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of carbonic acid, and can be used by gas-light It can also be used 
witk the best effect with solutions of the alkaline earths, such as 
lime and baryta water ; the colour with pure alkalies and earths is 
especially sharp and brilliant. The solution is made by digesting 
about 3 gm. of powdered cochineal in a quarter of a liter of 
a mixture of 4 parts water and 1 part alcohol. Its natural 
colour is yellowish red, which is turned to violet by alkalies ; 
mineral acids restore the original colour ; it is not so easily affected 
by weak oi'ganic acids as litmus, and therefore for these acids the 
latter is preferable. It cannot be used in the presence of iron or 
alumina compounds or acetates. 

4. Tiirmeric Paper. — Pettenkofer, iu his estimation of car- 
bonic acid by baryta water, prefers turmeric paper as an indicator. 
It is best prepared by digesting pieces of the root, first in repeated 
small quantities of water to remove a portion of objectionable 
colouring matter, then in alcohol, and dipping strips of -filter paper 
into the alcoholic solution, drying and preserving them in the dark. 
The excess of baryta is estimated by ^-q oxalic or hydrochloric acid; 
and the ending of the process is indicated, when a drop of the 
mixture brought in contact with the paper produces no brown 
tinge at the outer edge of the circle. 



Indicators derived from the Azo Colours, &c. 

The preparation of some of these colours is not publicly known ; 
but as they may readily be purchased in a sufficiently pure state, 
there is no need to discuss their composition. They are exceedingly 
delicate as indicators, but it is doubtful whether the changes pix)- 
duced can be equally distinguished by the eyes of all operators. 

5. Porrier's Orangre 3. — Grcville Williams speaks very 
highly of this- material, and has made comparative tests between it 
and litmus in carbonate of soda estimation. The indicator is made 
by dissolving 0-10 gm. in 100 c.c. of water, and 0*1 or 0*2 c.c. is 
used in each operation. So long as the liquid is alkalmo there is 
no perceptible colour, but the faintest excess of acid gives a pale 
but distinct pink, which is easily seen by placing white paper below 
the beaker or flask in which the test is made. 

The best way of applying the test is, after each addition of acid 
and stirring well, to allow a drop of the indicator to fall on the 
surface of the liquid, thus limiting the space over which the colour 
is spread. 

The great advantage of this indicator is, that it is entirely 
unaffected by carbonic acid or sulphuretted hydrogen ; the titration 
of carbonated liquids can therefore take place without heat, and 
much time can be saved. For ammonia estimations it is admirable. 
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G. TropeDolin 00. — This material is very similar to Orange 3, 
but somewhat less sensitive ; it may bo used in the same way as 
the foregoing, and is equally applicable to acid reactions with the 
alkalies, or the free acid in alumina and other acid metallic com- 
pounds. Crystallized sodic sulphide may, by its aid, be titrated 
with standard sulphuric acid in the cold. 

7. TropsBolin OOO. — This indicator is used in aqueous solu- 
tion, and gives exactly the reverse effect of Tropaeolin 00, its 
natural faint yellow colour being changed to magenta-red by the 
slightest excess of alkali. 

8. Phenolphthalein. — This substance is prepared by digesting 
10 parts of carbolic acid, 5 parts phthalic anhydride, and i parts 
concentrated sulphuric acid for several hours at 120 — 130° C, then 
boiling the residuum with water to remove soluble matter. The 
resinous substance so left is boiled in benzol ; and by this means a 
yellowish powder is obtained, of which I part is dissolved in 30 parts 
of 90-per-cent. alcohol to be used as an indicator. 

One or two drops is sufficient for each titration of acids, in which 
no colour occurs until alkali predominates, when an intense purple- 
red is produced ; it is not available for ammonia estimations, nor 
in the presence of carbonic acid. 

9. Eosin. — This colour is similar in its reactions to Trop«olin 
000, being colourless with acids, and pink-red with alkalies. 

10. RoBolic Acid or Oorallin. — A sufficiently pure solution 
of this substance is prepared by digesting equal quantities of car- 
bolic, oxalic, and sulphuric acids at a temperature of 150** C. for 
some time ; the mixture is then diluted with water, the free acids 
saturated with chalk, and the whole evaporated to dryness ; the 
colour is then extracted with alcohol, and the liquid rendered 
sensitive by adding a slight trace of acid or alkali as may be 
required. This indicator is used precisely as litmus, and possesses 
no advantage over it, except that it does not decompose or lose 
colour from keeping. The colour is brilliant violet-red with alkalies, 
turning to slightly yellow or colourless with acids. 

PBBPASATION OF THE NOBMAIi ACID AND ALKALINE 
SOLUTIONS. 

§ 14, It is quite possible to carry out the titration of acids and 
alkalies with only one standard liquid of each kind ; but it fre- 
quently happens that standard acids or alkalies are. required in 
other processes of titration beside mere saturation, and it is 
therefor© advisable to have a variety. 

Above all things it is absolutely necessary to have, at least, one 
standard acid and alkali prepared with the most scrupulous accuracy, 
to use as foundations fop all others, 
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I prefer sulphuric acid for the normal acid solution, inasmuch as 
there is no difficulty in getting the purest acid in commerce. The 
normal acid made with it is totally unafiFected by boiling, even 
when of full strength, which cannot be said of either nitric or 
hydrochloric acids; and the exact strength of the solution can 
always readily be checked by precipitation as baric sulphate, using 
the modern precautions to insure purity of precipitate. If 
pure acid is used, however, these precautions are reduced to a 
minimum. 

Sodic carbonate, on the other hand, is to be preferred for the 
standard alkali, because it can readily be obtained in a perfectly 
pure state, or can be easily obtained by igniting pure sodic 
bicarbonate. 

The chief difficulty hitherto with sodic carbonate has been, that 
with litmus as indicator, the titration must be carried on at a 
boiling heat in order to get rid of carbonic acid, which hinders the 
pure blue colour of the indicator, notwithstanding the alkali may 
be in great excess. This difficulty is now set aside by the use of 
tropaBolin 00. In case the operator has not these indicators 
at hand, litmus gives pei-fectly accurate results, if the saturation 
is conducted by rapidly boiling the liquid in a thin flask for a 
minute after each addition of acid until the point is reached, 
when one drop of acid in excess gives a pink-rcd colour, which is 
not altered by further boiling. 

As has been previously said, these two standards must be pre- 
pared with the utmost care, since upon their correct preparation 
and preservation depends the verification of other standard 
solutions. 

It may, however, be remarked, that in place of a standard solu- 
tion of sodic carbonate, which is of very limited use for general 
purposes, the pure salt may be used for the rigid adjustment of 
normal acid. In this case, about 2 or 3 grams of the pure salt 
are freshly heated to dull redness for a few minutes in a weighed 
platinum crucible, cooled under an exsiccator, the exact weight 
taken, then transfeiTed to a flask by means of a funnel, through 
which it is washed and dissolved with warm distilled water, litmus 
added, and the operation completed by running the acid of 
unknown strength from a burette in ^ c.c. into the soda solution 
in small quantities, and boiling after each addition until exact 
saturation occurs. When tropteolin 00 is used instead of litmus, 
the boiling may be avoided. 

A second portion of sodic carbonate should now be weighed as 
before, but not of necessity exactly the same quantity. Its exact 
weight must be noted ; the saturation is carried out precisely as at 
first. The data for ascertaining the exact strength of the acid solu- 
tion by calculation are now in hand. 

A strictly normal acid should at 16** C. exactly saturate sodic 
carbonate in the proportion of 100 c.c. to 5*3 gm. 
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Suppose that 2-46 gm. sodic carbonate required 41*5 c.c. of the 
acid in the fiist experiment, then 

2-46 : 5-3 : : 41-5 :x= 89-4 c.c. 

Again : 2*153 gm. sodic carbonate required 36*32 c.c. of acid, 
then 

2-153 ; 5-3 : : 3632 : x = 89*4 c.c. 

The acid may now be adjusted by measuring 890 c.c. into the 
graduated liter cylinder, adding 4 c.c. from the burette, or with a 
small pipette, and filling to the liter mark with distilled water. 

Finally, the strength of the acid so prepared must be proved by 
taking a fresh quantity of sodic carbonate, or by titration with a 
normal sodic carbonate solution previously made by direct weighing 
of 53 gm. to the liter, and using not less than 50 c.c. for the 
titration, so as to avoid as much as possible the personal errors of 
measurement in small quantities. If the measuring instruments 
all agree, and the operations are all conducted with due care, a 
drop or two in excess of either acid or alkali in 50 c.c. should 
suffice to reverse the colour of the indicator. 



1. Normal Sodic Carbonate. 
= 53 gm. Na^CO'' per liter. 

This solution is made by dissolving 53 gm. of pure freshly 
ignited sodic monocarbonate in distilled water, and diluting to 1 liter 
at 16* C. If the pure salt is not at hand, the solution may be made 
as follows : — 

About 85 gm. of pure sodic bicarbonate are heated to dull redness 
(not to fusion) in a platinum crucible, for fully ten minutes, to expel 
one-half of the carbonic acid, then placed under an exsiccator to cool ; 
when placed upon the balance it will be found that very little more 
than 53 gm. remain. The excess is removed as quickly as possible, 
and the contents of the crucible washed into a beaker, and 
as soon as the salt is dissolved the solution is decanted into a 
liter flask and filled up to the mark with distilled water at 16° C. 



2. Normsa Potasslc Carbonate. 
= 69 gm. K^CO* per liter. 

This solution is sometimes, though rarely, preferable to the soda 
salt, and is of service for the estimation of combined acids in certain 
cases, where, by boiling the compound with this agent, an inter- 
change of acid and base occurs. 

It cannot be prepared by direct weighing of the potassic carbonate, 
and is, therefore, best established by titrating a solution of unknown 
strength with strictly normal acid. 

d2 
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8. NormaJ Sulphuric Acid. 
= 49 gm. H-SO^ per liter. 

About 30 c.c. of pure sulphuric acid of sp. gr. 1 -840, or there- 
abouts, are mixed with three or four times the volume of distilled 
water and allowed to cool, then put into the graduated cylinder and 
diluted up to the liter. The solution may now be roughly tested 
by normal alkali, or semi-normal ammonia, which is best done by 
putting 10 c.c. or 20 c.c. respectively into a small beaker or flask 
with litmus, and allowing the acid to flow from a 10 or 12 c.c. 
pipette, divided into ^l 'c.c, until the point of neutrality is reached. 
If more than 10 c.c. are required the acid is too weak; if less, 
too strong. If the acid from which the solution was made was of 
the sp. gr. mentioned, it will generally be too strong, which is 
preferable. The final adjustment with sodic carbonate may now be 
made as before described. 

The solution may also be controlled by precipitation with bai'ic 
.chloride, in which case 10 c.c should produce as much baric 
sulphate as is equal to 0-49 gm. of sulphuric acid, or 49 gm. per 
liter. 

4. Normal Oxalic Acid. 
=63 gm. C^O*R\ 2W0, or 45 gm. C^O^ff per liter. 

This solution possesses the advantage that it may be established 
directly, by weighing 63 gm. of the pure crystallized, or 45 gm. of 
dried, acid in a liter of water. 

The acid should be re-crystallized repeatedly, thoroughly air-dried, 
but not in the slightest degree effloresced. A more exact solution 
may generally be made by using the acid dried at 100** C. until its 
weight remains constant. It is very difficult to obtain the crystallized 
acid absolutely free from extraneous moisture, without being partially 
effloresced. The solution is apt to deposit some of the acid at low 
temperatures, but keeps well if preserved from direct sunlight, and 
will bear heating without volatilizing the acid. Very dilute 
solutions of oxalic acid are very unstable ; therefore, if a decinormal 
or centinormal solution is at any time required, it should be made 
when wanted. 

5. Normal Hydrochloric Acid. 
= 36-37 gm. Helper liter. 

It has been shown by Eoscoe and Dittmar (/. C, S. v. xii. p. 128, 
1860) that a solution of hydrochloric acid containing 20*2 per cent, 
of the gas when boiled at about 760 m.m. pressure, loses acid 
and water in the s^me proportion, and the residue will therefore 
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have the constant composition of 20-27o or a specific gravity of 1 '10. 
About 181 gm. of acid of this gravity, diluted to one liter, serves 
very well to form an approximate normal acid. 

The actual strength may be determined by precipitation with 
silver nitrate, or by titration with an exactly weighed quantity of 
pure sodic monocarbonate. Hydrochloric acid is useful on account 
of its forming soluble compounds with the alkaline earths, but it has 
the disadvantage of volatilizing at a boiling heat. Dittmar says 
that this may be prevented by adding a few grams of sodic sulphate. 
In many cases this would be inadmissible, for the same reason that 
sulphuric acid cannot be used. The hydrochloric acid from which 
standard solutions are made must be free from chlorine gas or 
metallic chlorides, and should leave no residue when evaporated in 
a platinum vessel. 



6. Normal Nitric Acid. 
= 63 gm. HN(P per liter. 

A rigidly exact normal acid may be established by sodic 
carbonate, but for the sake of checking the other solutions it is 
advisable to graduate it by pure calcic carbonate, either in the form 
of the purest Iceland spar, or by artificial carbonate, prepared with 
great care by precipitating pure calcic chloride with ammonic 
carbonate, and boiling the resulting precipitate until it becomes 
dense ; it is then washed thoroughly with hot water, dried, ignited 
gently, and preserved in a well-closed bottle. 

By means of either of these forms of calcic carbonate, it is 
possible at any time to titrate a dilute nitric or hydrochloric acid, 
so as to bring it to the normal state; but as more acid must be used 
for the decomposition than is actually required to saturate the lime 
and expel the carbonic acid, the excess must be estimated by the 
help of normal alkali or semi-normal ammonia. 

The nitric acid used should be colourless, free from chlorine and 
nitrous acid, sp. gr. from 1-35 to 1*4. If coloured from the 
presence of nitrous or hyponitrous acids, it should be mixed with 
two volumes of water, and boiled until white. When cold it may 
be diluted and titrated as above. 1 gm. of pure Iceland spar in 
small pieces should require exactly 20 c.c. of acid. 



7. Normal Caustic Soda or Potash. 
= 40 gm. NaHO or 56 gm. KHO per liter. 

Pure caustic soda made from metallic sodium may now be readily 
obtained in commerce, and hence it is easy to prepare a standard 
solution of exceeding purity, by simply dissolving the substance in 
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diatilled water till of about 1-05 sp. gr., or about 60 gm. to the 
liter, rougbly estimating its strength by normal acid and litmus ; 
then finally adjusting the exact strength by titrating 50 c.c. with 
normal acid, using orange 3 or tropseolm 00 as indicator, to avoid 
any error from the presence of carbonic acid. 

However pure caustic soda or potash may otherwise be, they are 
both in danger of absorbing carbonic acid, and hence in using 
litmus the titration must be conducted with boiling. The azo 
indicator permits the use of these solutions at ordinary temperature 
notwithstanding the presence of COl 

Soda and potash may both be obtained in commerce sufficiently 
pure for all ordinary titration purposes, but in case they are not at 
hand the requisite solutions may be prepared as follows : — 

Two parts of pure sodic or potassic carbonate are to be dissolved 
in twenty parts of distilled water, and boiled in a dean iron pot ; 
during the boiling one part of fresh quick-lime, made into a cream 
with water, is to be added little by little, and the whole boiled until 
all the carbonic acid is removed, which may be known by the clear 
solution producing no effervescence on the addition of dilute acid ; 
the vessd is covered closely, and set aside to cool and settle; when 
cold, the clear supernatant liquid should be poured or drawn off and 
titrated by normal acid, and made of the proper strength as directed 
for sulphuric acid. 

Soda solutions may be freed from traces of chlorine, sulphuric, 
silicic, and carbonic acids, by shaking with Millon's base 
trimercur-ammonium (C iV. v. xlii. p. 8). 

In preparing these alkaline solutions, they should be exposed as 
little as possible to the air, and when the strength is finally settled, 
should be preserved in one of the bottles shown in fig. 16 or 17. 



8. Semi-normal Ammonia. 
8-5 gm. NH' per liter. 

For some years past I have used this strength of standard 
ammonia for saturation analyses, and have been fuUy satisfied with 
its behaviour ; it is cleanly, does not readily absorb carbonic acid, 
hold its strength well for two or three months when kept in a cool 
place and well stoppered ; and can at any time be prepared in a few 
minutes, by simply diluting strong solution of ammonia with fresh 
distilled water. 

A normal solution cannot be used with safety, owing to evapora- 
tion of the gas at ordinary temperatures. 

It is hardly necessary to add, that even in the case of f strength, 
the solution should be titrated from time to time against correct 
normal acid. 



Digitized by LjOOQ IC 



§ li. VOLUMETRIC ANALYSIS. 39 



9. Standard Oaustic Barsrta (Pettenkofer). 

Especially serviceable for tree carbonic acid and coloured acid 
lidoids, such as commercial vinesrars, Sec, 

The solation of caustic baryta is best made from the crystallized 
hydrate. It is not advisable to have the solution too concentrated, 
since, when it is near complete saturation it is apt to deposit the 
hydrate at low temperature. The corresponding acid may be either 
j^ oxalic, nitric, or hydrochloric. Oxalic acid is recommended by 
Pettenkofer for carbonic acid estimation, because it has no e£fect 
upon the baric carbonate suspended in weak solutions ; but there is 
the serious drawback in oxalic acid, that in dilute solution it is 
liable to rapid decomposition ; and as in my experience -^\ hydro- 
chloric acid in dilute mixtures has no e£fect upon the suspended 
baric carbonate, it is preferable to use this acid. 

The baryta solution is subject to constant change by absorption 
of carbonic acid, but this may be prevented to a great extent by 
preserving it in the bottle shown in fig. 17. A thin layer of 
petroleum oil on the surface of the liquid preserves the baryta at 
one strength for a long period. 

The reaction between baryta and turmeric is very delicate, so 
that the merest trace of baryta in excess gives a decided brown 
tinge to the edge of the spot made by.a glass rod on the turmeric 
paper. If the substance to be titrated is not too highly coloured, 
litmus may be used as an ajpproximate indicator in the mixture : 
this enables the operator to find the exact point of saturation more 
conveniently. 



10. Normal Ammonio-Oupric Solution for Acetic Acid and tree 
Acids and Bases in Earthy and Metallic Solutions. 

This acidimetric solution is prepared by dissolving pure cupric 
sulphate in warm water, and adding to the clear solution liquid 
ammonia, until the bluish-green precipitate which first appears is 
nearly dissolved ; the solution is then filtered into the graduated 
cylinder, and titrated by allowing it to flow from a pipette graduated 
in ^ or j^ c.c. into 10 or 20 cc. of normal sulphuric or nitric acid 
(not oxfdic); while the acid remains in excess, the bluish-green 
precipitate which occurs as the drop falls into the acid rapidly 
disappears ; but so soon as the exact point of saturation occurs, the 
previously clear solution is rendered turbid by the precipitate 
remaining insoluble in the neutral liquid. 

The process is especially serviceable for the estimation of the free 
acid existing in certain metallic solutions, 7. a. mothor-liquors, etc., 
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where the neutral compounds of such metals have an acid reaction 
on litmus — such as the oxides of zinc, copper, and magnesia, and 
the protoxides of iron, manganese, cobalt, and nickel ; it is also 
applicable to acetic and the mineral acids. 

If cupric nitrate be used for preparing the solution instead of 
sulphate, the presence of barium, or strontium, or metals precipitable 
by sulphuric acid, is of no consequence. The solution is stand- 
ardized by normal nitric or sulphuric acid ; and as it slightly alters 
by keeping, a coefficient must be found from time to time by 
titrating with normal acid, by which to calculate the results 
systematically. Oxides or carbonates of magnesia, zinc, or other 
admissible metals, ai'e dissolved in excess of normal nitric acid, 
and titrated residually with the copper solution. 

Example : 1 gm. pure zino oxide was dissolved in 27 c.c. normal acid, 
and 2*3 c.c. normal copper solution required to produce the precipitate 
=24*7 c.c. acid; this multiplied by 0*0405, the coefficient for zinc oxide 
= 1001 gm. 

8*9 gm. Howard's calcined magnesia were dissolved in 220 c.c. normal 
sulphuric acid and 30 c.c. copper solution were required, whose factor for 
normal strength was 0*909=27*27 c.c. normal ; this deducted from 220 c.c. 
leaves 192*73 c.c.=3"86 gm. pupe magnesia, or 997o- Mother-liquors, mixed 
acids of the galvanic battery containing metals, etc., can be examined for the 
amount of free acid by this means ; so also may acetic acid or vinegar, the 
only necessary condition being that the acid shaU be very dilute, as the 
copper precipitate is soluble in concentrated cupric acetate ; if the first drop 
of copper solution produces a turbidity which disappears only on shaking or 
stirring the liquid, the dilution is sufficient. In order that the first traces of 
a' permanent precipitate may be recognized, it is as well to place a piece of 
dark-coloured paper under the beaker. 

For the vinegars of commerce this process seems pecuHarly 
applicable, as a large amount of dilution is of no conseqfuence. 



ESTIUATIOK OF THE COBBEOT STBENOTH OF STANBAED 
SOLUTIONS NOT STEIOTLT NOBMAIi OB SYSTEMATIC. 

§ 15. In discussing the preparation of the foregoing standard 
solutions, it has been assumed that they shall be strictly and 
absolutely correct,— that is to say, if the same measure be filled 
first with any alkaline solution, then with an acid solution, and the 
two mixed together, a perfectly neutral solution shall result, so that 
a drop or two either way will upset the equilibrium. 

Where it is possible to weigh directly a pure dry substance, this 
approximation may be very closely reached. Sodic monocarbonate, 
for instance, admits of being thus accurat-ely weighed, and so also 
does oxalic acid. On the other hand, the caustic alkalies cannot be 
so weighed, nor can the liquid acids. An approximate quantity, 
therefore, of these substances must be taken, and the exact power 
of the solution found by experiment. 
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In titrating such solutions it is exceedingly difficult to make them 
so exact in strength, that the precise (luantity, to a drop or two, 
shall neutralize each other. In technical matters a near approxima- 
tion may be sufficient, but in scientific investigations it is of the 
greatest importance that the utmost accuracy should be obtained ; it 
is, therefore, advisable to ascertain the actual difference, and to mark 
it upon the vessels in which the solutions are kept^ so that a slight 
calculation will give the exact result. 

Suppose, for instance, that a standard sulphuric acid is prepared, 
which does not rigidly agree with the normal sodic carbonate (not 
at all an uncommon occurrence, as it is exceedingly difficult to hit 
the precise point) ; in order to find out the exact difference it must 
be carefully titrated as in § 14. Suppose the weight of sodic 
carbonate to be 1*9 gm., it is then dissolved and titrated with the 
standard acid, of which 36 1 c.c. are required to reach the exact 
neutral point. 

If the acid were rigidly exact it should require 35 '85 c.c; in 
order, therefore, to find the factor necessaiy to bring the quantity of 
acid used in the analysis to an equivalent quantity of normal 
strength, the number of c.c. actually used must be taken as the 
denominator, and the number which should have been used, had the 
acid been strictly normal, as the numerator, thus : — 

.^Jf = 0-903; 

0*093 is therefore the factor by M-liich it is necessary to multiply 
the number of c.c. of that particular acid used in any analysis in 
order to reduce it to normal strength, and should be marked upon 
the bottle in which it is kept. 

On the other hand, suppose that the acid is too strong, and that 
35 -2 C.C. were required instead of 35- 8 J, 

^^^^ = 1-0184; 
35-2 ' 

1*0184 is therefore the factor by which it is necessary to multiply 
the number of c.c. of that particular acid in order to bring it to the 
normal strength. This plan is much better than dod^dng about 
with additions of water or acid. 

Under all circumstances, it is safer to prove the strength of any 
standard solution by experiment, even though its constituent has 
been accurately weighed in the dry and pure state. 

Further, let us suppose that a solution of caustic soda is to be 
made by means of lime, as described previously — after pouring off 
the clear liquid, water is added to the sediment to extract more 
alkaline solution; by this means we may obtain two solutions, one 
of which is stronger than necessary, and the other weaker. Instead 
of mixing them in various proportions and repeatedly trying the 
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strength, we may find, by two experiments and a calculation, the 
proportions of each necessary to give a normal solution, thus : — 

The exact actual strength of each solution is first found, by 
separately running into 10 c.c. of normal acid as much of each 
alkaline solution as will exactly neutralize it. We have, then, in 
the case of the stronger solution, a number of c.c. required less than 
10. Let us call this number V. 

In the weaker solution the number of c.c. is greater than 10, 
represented by v, A volume of the stronger solution = x will 
saturate 10 c.c. of normal acid as often as V is contained in x, 

A volume of the weaker solution = y will, in like manner, saturate 

— ^ c.c. of normal acid : both together saturate -— ^ + ?^, 

V . Y V 

and the volume of the saturated acid is precisely that of the two 

liquids, thus — 



Whence 
And lastly, 



t;.c(10-V) = V2/(t;-10). 
a;_V(t;-10) 



U t'(lO-V) 

An example will render this clear. A solution of caustic soda 
was taken, of which 5*8 c.c. were required to saturate 10 c.c. normal 
acid; of another solution, 12*7 c.c. were required. The volumes of 
each necessary to form a normal solution were found as follows : — 

5-8 (12-7 -10) -15-66 
12-7 (10 -5-8) = 53-34 

Therefore, if the solutions are mixed in the proportion of 15 '6 6 
C.C. of the stronger with 53-34 cc. of the weaker, a correct solution 
ought to result. The same principle of adjustment is, of course, 
applicable to standard solutions of every class. 

Again : suppose that a standard solution of sulphuric acid has 
been made, approximating as nearly as possible to the normal 
strength, and its exact value found by precipitation with baric 
cliloride, or a standard hydrochloric acid with silver nitrate, and 
such a solution has been calculated to i*equire the coefficient 0-995 
to convert it to normal strength, — by the help of this solution, 
though not strictly normal, we may titrate an approximately normal 
alkaline solution thus: — Two trials of the acid and alkaline solu 
tions show that 50 cc. alkali =48*5 cc. acid, having a coefficient 
of 0-995 = 48-25 cc. normal; then, according to the equation, 
a; 50 = 48*25 is the required coefficient for the alkali. 



i8-25 = 0-965. 
50 
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And here, in the case of the alkaline solution being sodic carbonate, 
we can bring it to eicact normal strength by a calculation based on 
the equivalent weight of the salt, thus — 

1 : 0-965 : : 53: 51 -145. 

The difference between the two latter numbers is 1*855 gm., and 
this weight of pure sodic carbonate, added to 1 liter of the solution, 
will^bring it to normal strength. 



THE TITBATION OP ALKALINE SALTS. 
1. Caustic Soda or Potash, and their Neutral or Acid Carbonates. 

§ 16. The necessary quantity of substance being weighed or 
measured, as the case may be, and mixed with distilled water to a 
proper state of dilution, a sufficient quantity of litmus to produce 
a distinct blue or red colour is added, and the solution is ready for 
the burette. Let us suppose that sodic carbonate is to be titrated : 
the acid from the burette is allowed to flow in until a claret tinge 
begins to appear. This takes place some time before the complete 
quantity of acid is added, owing to the liberation of carbonic acid. 
In order to dissipate the carbonic acid, the liquid must be heated to 
boiling over a spirit or gas lamp, when the blue colour will again 
appear. Continue to add the acid a few drops at a time, and repeat 
the heating until all the carbonic acid is expelled, and a distinct 
pink-red colour is produced in the liquid by the final drop of acid. 
By using tropaeolin the boiling may be avoided. It is always 
advisable to make a second and conclusive test of the alkali; 
and, therefore, the first supplies a guide to the quantity of acid 
required, and allows a more exact method of procedure towards the 
end of the process. 

In the examination of samples of ordinary soda or pearl ash, it is 
advisable to proceed as follows : — 

Powder and mix the sample thoroughly, weigh 10 gm. in a platinum or 
porcelain crucible^ and ignite gently over a spirit or gas lamp^ and allow the 
crucible to cool under the exsiccator. Weigh again/ the loss of weight gives 
the moisture ; wash the contend of the crucible into a beaker, dissolve and 
filter if necessary, and dilute to the exact measure of 500 c.c. with distilled 
water in a half -titer flask, after mixing it thoroughly take out 60 c.c. = l gm. 
of BlkaU with a pipette, and empty it into a small flask, bring the flask under 
a burette containing normal acid and graduated to i or ^V c.c, allow the acid 
to flow cautiously as before directed, until the neutral point is reached : the 
process may then be repeated several times if necessary, in order to be certain 
of the correctness of the analysis. 

As the presence of carbonic acid with litmus always tends to confuse the 
exact end of the process, the difficulty may be overcome by zdlowing more 
acid than is needed to flow into the alkali, boiling to expel the carbonic acid, 
and then cautiously adding normal caustic alkali, drop by drop, until the 
liquid suddenly changes to violet-blue ; by deducting the quantity of caUstic 
alkali from the quantity of acid originally used, the exact volume of acid 
necessary to saturate the 1 gm. of alkali is ascertained. 
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This residual or backward method of titration gives a very sharp 
and sure result, as there is no carbonic acid present to interfere with 
the colour of the liquid. An example will make the plan clear : — 

Example : 60 CO. of the solution of alkali prepared as directed^ and which is 
equal to 1 gm. of the original sample, is put into a flask, and exacUj 20 c.c. of 
normal acid allowed to flow into it ; it is then boiled and shaken till all car- 
bonic acid is expelled, and normal caustic alkali added till the neutral point 
is reached ; the quantity required is 3'4 c.c, which deducted from 20 c.c. of 
acid leaves 16*6 c.c. The following calculation, therefore, gives the per- 
centage of real alkali, supposing it to be soda : — 31 is the half molecular 
weight of dry soda, NaO*, and 1 c.c. of the acid is equal to 0-031 gm., 
therefore, 16*6 c.c. is multiplied by 0031, which gives 0-5146 ; and as 1 gm. 
was taken, the decimal point is moved two places to the right, which gives 
51*46 per cent, of real alkali ; if calculated as carbonate, the 16*6 would be 
multiplied by 0053, which gives 0-8798 gm. = 87*98 per cent. 



2. Uixed Caustic and Carbonated Alkaline Salts. 

The alkaline salts of commerce, and also alkaline lyes used in 
soap, paper, starch, and other manufactories, consist generally of a 
mixture of caustic and carbonated alkali. If it be desired to 
ascertain the proportion in which these mixtures occur, the total 
alkaline power of a weighed or measured quantity of substance (not 
exceeding 3 or 4 gm.) is ascertained by normal acid and noted; a 
like quantity is then dissolved in about 150 c.c. of water, in a 
300 c.c. flask, and enough solution of baric chloride added to 
remove all the carbonic acid from the soda or potash. There must 
be an excess of baric chloride, but as it does not interfere with the 
accuracy of the result the exact quantity is of no consequence. 

The flask is now filled up to the 300 c.c. mark with distilled 
water, securely stoppered, and put aside to settle. When the 
supernatant liquid is clear, take out 100 c.c. with a pipette, and 
titrate with normal nitric acid to the neutral point. The number 
of c.c. multiplied by 3 will be the quantity of acid required for the 
caustic alkali in the original weight of substance, because only ^ 
was taken for analysis. The difference is calculated as carbonate ; 
or the precipitated baric carbonate may be thrown upon a dry filter, 
washed well and quickly with boiling water, and titrated w^ith 
normal nitric acid, instead of the original analysis for the total 
alkalinity ; or both plans may be adopted as a check upon each 
other. 

The principle of this method is, that when baric chloride is added 
to a mixture of caustic and carbonated alkali^ the carbonic acid of 
the latter is precipitated as an equivalent of baric carbonate, while 
the equivalent proportion of caustic alkali remains in solution as 
baric hydrate. By multiplying the number of c.c. of acid required 

* The commercial staudord often used is 32 (bein? based on the old erroneons 

equivalent of Na). 
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to saturate this free alkali with the \-^-q atomic weight of caustic 
potash or soda, according to the alkali present, the quantity of 
substance originally present in this state will he ascertained. 

As caustic baryta absorbs carbonic acid very readily when exposed 
to the atmosphere, it is preferable to allow the precipitate of 
baric carbonate to settle in the flask as here described, rather 
than to filter the solution as recommended by some operators, 
especially also that the filter obstinately retains some baric hydrate. 

A very slight error, however, always occurs in all such cases, in 
consequence of tl)e volume of the precipitate being included in the 
measured liquid. 



8. Batiznation of Potash In Neutral Salts free from Soda. 

Stolba precipitates the potash from a tolerably concentrated solution of 
the subetances with hydrofluosilicic acid aad strong alcohol. The method is 
also applicable to the estimation of potash in potassic platinum chloride. To 
ensure complete decomposition, it is well to warm the mixture for a little 
time before adding the alcohol, which must be of about the same volume as 
the liquid itself. After some hours, when the precipitate has settled, the 
solution is filtered off, the beaker and precipitate well washed with equal 
mixtures of alcohol and water, the whole transferred to a white porcelain 
basin, water rather freely added, and heated to boiling, a few drops of 
litmus added, and normal or semi-normal alkali run in until exact 
saturation occurs ; or a known excess of alkali may be added, and the amount 
found by residual titration with normal acid. The results are generally 
about l7o too low, owing to the difficulty of fully decomposing the pre- 
cipitate. 

2 eq. alkali = I eq. potash. 

The process is very limited in its use, and is not applicable when 
sulphates are present, nor in the presence of any great amount of free 
acid. Sulphuric acid may be previously removed by calcic acetate and 
alcohol ; other acids by moderate ignition previous to precipitation. 
Large proportions of ammonia salts must also be removed ; and, of 
course, all other matters precipitable by hydrofluosilicic acid, 
especially soda. 



4. Direct Estimation of Potash in the presence of Soda. 

Fleischer recommends the following method; and my own 
experiments confirm his statements, so far at least as the pure salts 
are concerned. 

The solution must contain no other bases except the alkalies, nor any acids 
except nitric, hydrochloric, or acetic. This can ahnost invariably be easily 
aooomplished. Earthy alkalies are removed by ammonio carbonate or 
phosphate; sulphuric, chromic, phosphoric, and arsenic acids by baric 
chloride, followed by ammonic carbonate. 
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The solution should be tolerably concentrated, and the yolume about 26 or 
80 CO.; 10 — 15 c.c. of neutral solution of ammonio acetate of sp. gr. 
1*035 are added ; followed bj finely powdered pure tartaric acid in sufficient 
quantity to convert the potash into acid tartrate^ with an excess to form some 
ammonic tartrate, but not enough to decompose the whole. This is the weak 
part of the method ; however, as a guide, it is not advisable to add more than 
5 gm. tartaric acid for 10 c.o. of ammonic acetate. If the quantity of potash 
is approximately known, it is best to add about one-third more than is 
sufficient to convert the whole into acid tartrate. 

After adding the tartaric acid the mixture must be well stirred for five or 
ten minutes, without rubbing the sides of the beaker ; a like volume of 95- 
per-oent. alcohol is added, and again well stirred. The precipitate contains the 
whole of the potash as tartrate, and a portion of ammonium tartrate. After 
standing half an hour w^ith occasional stirring, the precipitate is collected on 
a porous filter, and repeatedly washed with alcohol and water in equal parts 
until clean. 

'When the washing is finished the precipitate will be entirely free from 
soda ; filter and precipitate are transferred to a porcelain basin, treated with 
sufficient hot water to dissolve the tartrates, then exactly neutralized with 
normal alkali and litmus, and the volume so used noted. A like volume, or 
preferably, a larger known volume of normal alkali is now added, and the 
mixture boiled to expel all ammonia ; the end may be known by holding 
litmus paper in the steam. The excess of normal alkali is now found by 
titration with normal acid ; the amount so found must be deducted from tluit 
which was added in excess after the exact titration of the tartrate; the 
difference equals the ammonia volatilized. By deducting this difference from 
the volume of normal alkali originally required, the volume corresponding to 
potash is found. 

Example : 29*4 C.c. of normal alkali were required in the first instance 
to neutralize a given precipitate ; 40 c.c. of the same alkali were then added, 
the boiling accomplished, and 22*5 c.c. normal acid used for the excess ; then 
40— 22-5 =175 c.c, and again 29*4 — 1 7*5 = 11"9, which multiplied by the 
factor for K:HO=0056 gives 0'6664 gm. 

The soda in filtrate may be obtained by evaporation with hydro- 
chloric acid as sodic chloride, and estimated as in § 38. 



6. Mixed Caustic Soda and Potash. 

This process depends upon the fact, that potassic bitartrate is 
almost insoluble in a solution of sodic bitartrate. 

Add to the solution containing the mixed salts, a standard solution of 
tartaric acid till neutral or faintly acid — this produces neutral tartrates 
of the alkalies — now add the same volume of standard tartaric acid as before — 
they are now acid tartrates, and the potassic bitartrate separates almost com- 
pletely, filter off" the sodic bitartrate and titrate the filtrate with normal 
caustic soda; the quantity required equals the soda, originally in the 
mixture— the quantity of tartaric acid required to form bitartrate with the 
soda subtracted from the total quantity added to the mixture of the two 
alkalies, gives the quantity required to form pota&sic bitartrate, and thus 
the quantity of potash is found. 

This process is only applicable for technical purposes. 
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TECHKICAIi EZAmNATIOK OF COMMEBCLAX ALKALINE 
COMPOTJNDS. 

6. Soda Ash, Black AbIl, Mother-liquors, &c. 

In refined alkali, mouture is determined by heating 5 or 10 gm. to dull 
rednesB for ten minutes, in a small orucible of platinum/silver, iron, or porce- 
lain, and allowing it to cool under a bell glass in the presence of sulphuric 
acid or calcic chloride ; the difference between the first and second weighings 
is the accidental moisture in the sample. 

The contents of the crucible are then dissolved in about 150 c.c. of warm 
distilled water, and any insoluble matter filtered off by a small filter, washed 
on the latter a few times with hot water, then, if necessary, dried, ignited, 
and weighed as insoluble matter. It is important that this insoluble matter 
be removed before titration, otherwise the lime and other constituents in it 
will consume a portion of the normal acid, and so register a higher percentage 
of alkali than is really present. 

The total quantity of alkali is determined in a measured portion of the 
filtrate and washings, preyiously diluted to i or 1 liter, by normal sulphuric, 
nitric, or oxalic acid, as in § 16. 1.* 

The quantity of caustic alkali present in any sample is determined as 
in § 16. 2. 

A custom prevails in the soda trade of calculating the atomic 
weight of sodium as 24 instead of 23, thus representing more real 
soda present in a sample of alkali than actually exists ; this practi- 
cally leads to an error of from 1 to 2 per cent, in a 50-per-cent. 
ash, according to the method of calculation. This anomaly ought 
to be got rid of, and one uniform standard adopted. 

The presence of sulphides is ascertained by the smell of sulphuretted 
hydrogen when the alkali is saturated with an acid, or by dipping paper 
steeped in sodic nitro-prusside into the solution ; if the paper turns blue or 
violet, sulphide is present. 

The quantity of sulphide and hyposulphite may be determined by saturat- 
ing a dilate solution of the alkali with a slight excess of acetic acid, adding 
starch liquor, and titrating with decinormal iodine solution till the blue 
colour appears. The quantity of iodine required is the measure of the 
sulphuretted hydrogen and hyposulphurous Ucid present. The quantity of 
each may be known by adding a solution of sulphate of zinc to a like quantity 
of the alkali, and filtering so as to remove the free carbonated and sulphur- 
etted alkali, by which means the hyposulphurous acid alone remains, which 
may be estimated with iodine and starch as before ; the quantity of iodine 
solution so required is to be deducted from the total, and the calculation for 
both sulphide and hyposulphite of sodium may then be made, 1 c.c. ^^ 
iodine is equal to 0*0248 gm. hyposulphite, or 0*0039 gm. sodic sulphide ; 
good English alkali is seldom contaminated with these substances to any 
extent. 

Sodic chloride (common salt) ma^ be determined by neutralizing 0'586 gm. 
or 5*85 gm. of the alkali witfi nitric acid, and titrating with decinormal 

* This gives a slight error, owing to traces of alamlaate of soda and lime, wliich 
»Befd. 
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silver solution and potassic chroniate. Each c.c. or dm. corresponds to 1 per 
cent, of common raltj if the above weight is taken. Since the quantity of 
acid necessary to neutralize the alkali has already been found, the proper 
measure of -nr nitric acid may at once be added. 

Sodic sulphate is determined, either directly or indirectly, as in § 73. Each 
c.c. or dm. of normal baric chloride is equal to 0071 gm., or 0"7l grn. of dry 
sodic sulphate. 

Black ash and raw mother-liquors and lyes can be examined in precisely 
the same way na above. If oxide of iron is present it may be determined as 
in § 69 ; lime by boiling with sodic carbonate and precipitation as carbonate 
— washing the precipitate thoroughly with boiling water, and titrating with 
normal acid and alkali, as in § 17. 

Mohr gives the following as a specimen of analysis of soda 
liquor voluniotrically : — 

(1) Sp.gr. 1-252. 

(2) 10 CO. evaporated to dryness left after slight ignition 311 gm.= 
811 gm. per liter. 

(3) Eesidue of 2 titrated with normal nitric acid required 56*2 c.o. ; this 
includes the sodic sulphides. 

(4) 10 c.c. raw liquor neutralized with acetic acid required 6*82 c.o. 
^jj iodine. 

(5) 10 c.c. precipitated with zinc sulphate to remoye sulphide and the 
filtrate titrated with jV iodine required 244 c.c. 

(6) 10 c.c. raw liquor nearly neutralized with acetic acid and titrated 
for chlorine with ^\ silver and chromate required 11*4 c.c. 

(7) 10 c.c. raw liquor saturated with hydrochloric acid and titrated for 
sulphuric acid required 0*4 c.c. normal baric chloride. 

The composition of the liquor was therefore as follows : — 

(From 5) The molecular weight of anhydrous sodic hyposulphite is 158, 
1 c.c. /y iodine =0*0158 gm. 244 c.c. were required, therefore =0-0386 gm. 
hyposulphite. 

(From 4) The 244 c.c. iodine required in 5 deducted from the 6 82 c.c. 
in 4 leaves 438 c c. to represent the sodic sulphide— 1 c.c. yV iodine = 
00039 gm. sulphide, therefore 4 38 c.c. =001708 gm. 

(From 3) The 4*38 c.c. iodine from 4 deducted from 56-2 c.c. normal 
acid leaves 55'76 c.c, which multiplied by the factor for sodic carbonate 0-053 
gives 2'9553 gm. 

(From 6) 11*4 c.c. i1^ silver x /o 'actor for salt 0006837=0-0667 gm. 

(From 7) 04 c.c normal BaW x 0071 factor for Na2SO^=00284 gm. 

Hence the results may be tabulated as follows : — 

Sodic carbonate 2' 9553 gm. 

„ chloride 00667 „ 

„ sulphate 00284 „ 

„ hyposulphite 00386 „ 

„ sulphide 00171 „ 

31061 
By evaporation 311(X) 

In cases where an analysis of the total contents of a sample of 
black ash is required, the following method gives trustworthy results 
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tolerably speedily. Most of the modes of determination are like- 
wise applicable to samples of dry vat waste (Wright, C. N. xvi. 
p. 151) :- 

(a) A known weight is dissolved in hydrochloric acid, the insoluhle coke 
and sand collected on a weighed filter, and the carbon subsequently burnt off. 

(b) In the filtrate from (a) the H^O^ is estimated by normal baric 
chloride. 

(o) A known weight is dissolved in nitric acid, and the CI determined 
volumetricaUy by standard silver solution, or neutralized and titrated by the 
chromate method. 

(d) A known weight is titrated in Mohr's CO* apparatus (§ 27.2), the 
ammonlc carbonate boiled with calcium chloride ; the precipitate washed 
till the washings are neutral, dissolved in a slight excess of standard hydro- 
chloric acid, and the excess determined by a standard alkaline solution ; thus 
the CO^ can be calculated. 

(e) A known weight is fused with four times its weight of a mixture of 
three parts dry sodic carbonate and one of potassic nitrate (both free 
from sulphate). Prom the total sulphate thus formed, and estimated 
volumetrically by barium, that existing as Na-SO** is subtracted, and the 
remainder calculated as S. 

(/) A known weight is treated with hydrochloric acid, the filtrate 
oxidised by nitric acid, and the mixed Fe^O^ APO' and P^O* precipitfited by 
ammonia. 

(s) The filtrate from (/) is treated with ammonio oxalate, the precipitate 
estimated volumetrically by permanganate, or gravimetrically as CaCO'*; 
hence the Ca is known. 

(h) A known weight is lixiviated with warm iiater, and in the filtralo 
from the insoluble matter the SiO^ estimated by evaporation to dryness with 
hydrochloric acid ; in the filtrate from this the Al-O^ combined as aluminate 
is determined by precipitating the alumina by ammonia. 

(t) A known weight is cautiously treated with sulphuric acid in a 
capacious platinum crucible, and heated till gases cease to be evolved ; the 
residue is treated with water, filtered and well washed, ammonia and 
ammonic oxalate added to the filtrate; and ultimately the total Na 
contained weighed as Na-SO*. 

In calculating results from the foregoing data, the CI found i.s 
calculated as NaCl, the SO'* as Na\SO^ the SiO» as Na^SiO*, and 
the APO* (soluble in water) as Na*APO^ ; the remaining sodium 
is then calculated as Na^CO*, and the remaining CO* as CaCO\ 
The sulphur is calculated as CaS, and the remaining calcium as 
CaO. From the total AF)' + Fe»0' + P'-'O' the alumina present 
as aluminate is subtracted ; the coke and sand, etc., are directly 
determined (a). The difference from 100 in a carefully conducted 
analysis will not amount to more than a few tenths per cent, and 
i-epresents cyanogen, traces of moisture, etc., and loss. 

In an over-roasted ash the alkaline sulphide can only be safely 
estimated by /ingestion with nearly absolute alcohol, oxidation to 
sulphate by chlorine, and precipitation by barium. The Na con- 
tained as poly-^or mono-sulphide, may be determined volumetrically 
by ^-Q acid in the alcoholic solution, and must be subtracted from 
that to be calculated as Na^CC as above : the S existing as i>oly- 
or mono-sulphide of sodium must be subtracted from the total 
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sulphur found, the difference being calculated as CaS. (For further 
information see Wright, J. (7. S, xx. p. 407.) 

7. Salt Cake 

Is the impure sodic sulphate used in alkali manufacture or left in 
the retorts in preparing hydrochloric acid from sulphuric acid and 
salt, or nitric acid from sodic nitrate. It generally contains free 
sulphuric acid existing as sodic bisulphate, the quantity of which 
may be ascertained by direct titration with normal alkali. 

The common salt present is estimated by decinormal silver solution and 
chromate ; having first saturated the free acid with pure sodic carbonate, 
1 CO. or 1 dm. silver solution is equal to 0005837 gm. or005837 gm. of salt. 

Sulphuric acid, combined with soda, is estimated either directly or 
indirectly as in § 78 ; 1 c.c. or 1 dm. of normal baryta solution is equal to 
0071 gm., or 0'71 gm. of dry sodic sulphate. 

Iron is precipitated from a filtered solution of the salt cake with ammonia 
in excess, the precipitate of ferric oxide re-dissolved in sulphuric acid, 
reduced to the ferrous state with zinc and titrated with permanganate. 

Grossmann adopts a method suggested by Bohlig (see § 29), 
and has worked out the jjrocess in the case of salt cake in careful 
detail (C N, xli. p. 114) as follows : — 

The neutral solution of salt cake (3*55 gm.) is put into a 500 c.c. flask, 
a measured quantitj^ of baric hydrate in solution (250 c.c. of a cold saturated 
solution) is added m excess, the flask filled up with water, and shaken up. 
Of the filtered clear liquid 250 c.c. are put in an ordinary flask, carbonic acid 
passed through for about ten minutes, and then the contents of the flask 
boiled 80 as to decompose any baric bicarbonate which may be in solution. 
After cooling, the contents of the flask are again transferred to the 500 c.c. 
flask, the latter filled up with water to the mark, shaken up, and filtered. 
250 c.c. of the filtrate— t.f. one -fourth of the original quantity used — ^are 
then titrated with one-fourth normal sulphuric acid. The number of c.c. of 
one-fourth normal acid used multiplied by two will give the percentage of 
sodic sulphate. 

There are, however, sources of error in the experimental working of this 
method which make certain corrections necessary. They arise — 

(1) From the impurities of the caustic baryta. 

(2) From the precipitate formed in the measured liquid 

(3) From certain constant losses. 

The commercial caustic baryta always contains baric nitrate, and sometimes 
baric chloride. It is evident that on adding a solution of baric hydrate 
which contains baric nitrate to a solution of sodic sulphate, a quantity of the 
latter, equivalent to the quantity of Uie baric nitrate present, will be con- 
verted into sodic nitrate, and thus escape the aJksdimetric test, as will be seen 
by the following equations : — 

Ba(N03)2 4- Na^SO^ = BaSO^ + 2NaN03. 

Ba(N0')2 + 2NaOH + C02=BaC03 + 2NaN03 + mO. 

It is, therefore, necessary to measure approximately the quantity of baryta 
solution used, so as to know the amount of baric nitrate introduced into the 
process. The latter can be easily ascertained by passing carbonic acid in 
exross through the cold saturated solution of baric hydrate, boiling, filtering. 
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and precipitating the barjta left in solution hj sulphuric acid as usual. 
260 0.0. of a baryta solution used for experiment yielded 0*0280 gm. BaSO*, 
which corresponds to 0*0171 gm. Na^SO*, or 0*96 c.c. of one-fourth normal 
acid ; and it follows that for every 260 c.c. of this baryta solution was found 
0-0171 gm. Na'SO* too little ; or, that there must be added 0*24 c.c. of one- 
fonith normal acid to the result of the final titration (of one-fourth of the 
original quantity). If the baryta contain caustic alkali a corresponding 
quantity of banc nitrate will be found less by the test; but it is easily 
understood, that the calculations will not be influenced as long as the baric 
nitrate is in excess of the caustic alkali, which is always the case in good 
commercial baryta. 

The second error arises from the precipitates of baric sulphate and car- 
bonate taking up some space in the 600 c.a flask, the final results thus being 
found too high. If it is assumed that a cold saturated solution of baijU 
contains about 23 gm. BaO per liter, it will be near enough for all practical 
purposes if in the experiment, working with 3*66 gm.of Na^SO'* and 260 c.c. of 
baryta solution, 0*4 per cent, is subtracted from the final results for this error. 

Three experiments made with 8*66 gm. of pure ignited sodic sulphate gave 
tiie following results : — 

Used one-fourth normal acid ... 4037 c.c. 
AddforBa(NOV ' 0*24 c.c. 

49*61 c.c. 
=99-22 i)er cent. Na^SO*. 

II. 

Used one-fuurth normal acid ... 49*21 u.c. 
Add for Ba(NO»)- ... 0*24 u.u. 



49-46 c.c. 
^98-90 per cent. Na=SO*. 

III. 

Used one-fourth normal acid ... 49*87 c.c. 
Add for Ba(N03)2 0*24 c.c. 



49*61 c.c. 
=99*22 per cent. Na^SO^. 

The avenge of these three experiments gives 991 per cent. ; and if 0*4 per 
cent, be subtracted for the precipitate, the result is 98*7 per cent, instead of 100. 

Grossman n states that this loss of 1*8 per cent, in working with 8*66 gm. 
of sulphate in the given dOution is a constant, and by dividing all results by 
0*987 correct results are obtained. 

It now remains to show the applicability of this method to the assay of 
salt cake and like substances. The following is a complete analysis of a 
sample of salt cake made in the usual way : — 

Moisture 0*49 

Insoluble 0*29 

Free sulphuric hvdrate 0*88 

Aluminium sulphate 0*23 

Ferric sulphate 0*42 

Lime sulphate ... 1*17 

Sodic chloride 200 

Sodic sulphate (by difl'erence) ... 96*02 

100*00 

!■: 2 
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In order to make a good test of salt cake it is now necessary to estimate 
seven constituents, to find by difference the quantity of actual sodic sulphate, 
which is the only constituent wanted. 

When baric hydrate is added to a solution of salt cake the free acid is 
precipitated, so are alumina and iron, and the sulphuric acid combined with 
them and with lime. The lime is partly thrown down as such, and what is 
left as lime in solution is precipitated as carbonate in the second operation. 
Thus, whatever other sulphates be present, only the sodic sulphate is given ; 
and by one simple test we are thus able to get a result which formerly could 
only be attained by a tedious complete analysis. 

The salt cake, of which a complete analysis is given above, was tested by 
the alkalimetric method. 8*55 gm. required — 

One-fourth normal acid 46*93 c.c. 

Add for Ba (NOV 0*24 c.c. 

4717 c.c. 
= 94*34per cent. Na^SO^ 

(94'34— 0-40)=93"94. 

93*94 : 0*987=95-2 percent. Na^SO^ 

Thus, by the alkalimetric test, 95-2 per cent. Na^SO^ occur, 
■whereas the analysis gives 95*02 per cent. If it be considered how 
difficult it is to wash soda salts completely from precipitates, it is 
not surprising to find the result too low in the complete analysis, 
as in five precipitates a very minute quantity will make up 
0*2 per cent. 

It is hardly necessary to point out that none of the figures for 
the correction of the errors enumerated above can be used by any- 
one else working by this method, but that they must be ascertained 
in every individual case. It is absolutely necessary to ascertain 
after the first operation that there is no sulphate, and after the 
second (before titrating) that there is no baryta in solution. 



8. Raw Salt, Brine, Ac. 

Lime may be estimated by precipitation with ammonic oxalate, and the 
precipitate titrated with permanganate, as in § 48. 

Sulphuric acid as in § 73. 

Magnesia is precipitated as ammoniacal phosphate, by a solution of sodic 
phosphate containing ammonia, first removing the lime by ammonic oxalate, 
the precipitate of double phosphate of magnesia and ammonia is brought on 
a filter, washed with cold water containing ammonia, then dissolved in acetic 
acid, and titrated with standard uranium solution, or by the process for 
P^y (§ 25.2). 

The quantity of real salt in the sample may be ascertained by treating a 
weighed quantity in solution with caustic baryta, boiling, setting aside that 
the excess of baryta may precipitate itself as carbonate, or more quickly by 
adding ammonic carbonate, filtering, evaporating the solution to dr^^ness, and 
gently igniting— the residue is pure salt. The loss of weight between this 
and the original specimen taken for analysis, will show the percentage of 
impurities. 

0. Soap. 

The only volumetric metliod that appears worth anything in the 
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examination of commercial soaps, is based upon the principle of 
Clark's soap test for estimating the hardness of water. A standard 
soap is iirst chosen by means of which the relative saponifying, 
power of any other soap may be ascertained. 

Mottled Marseilles soap, generally known as Castile soap, may he taken as 
such a standard. This soap contains 30 per cent, of water, and is free from 
all mineral adulteration ; its composition is, in round numbers : 

Soda 6 

Fatty acids 64 

Water 30 

100 

1 ^. of this soap will be exactly neutralized by 0*1074 gm. pure calcic 
chloride, or 10 grains by 1'074 gm. 

Therefore a solution of 1*074 gm. GaCl- in a liter of water, or 10*74 gm. 
in 1000 dm., will suffice to neutralize respectiyely 10 gm. or 100 gm. of 
standard soap dissolved in the same volume of water, or rather alcohol and 
water. 

The smallest excess of soap solution will give a persistent froth, as in 
Clark's test. 

Pons (Journ. de Ph. et Chem, Ap, 1865, p. 290) applies the 
process as follows : — 

10 c.c. of the standard calcic solution are placed in a stoppered bottle 
holding 70—100 c.c. with about 20 c.o. distilled water ; 10 gm. of soap are then 
dissolved in 100 c.c. alcohol (0*825 sp. gr.), by means of mbbingor shaking 
with gentle heat — the real soap dissolves and leaves all minerd or foreign 
matters, which may be filtered off, and afterwards examined if necessary ; the 
filtered soap solution is now diluted to one liter with distilled water, and a 
burette filled with it read^ to add to the lime solution in the shaking bottles. 
It is then cautiously run into the lime with frequent shaking until a lather 
is obtained ; the 10 c.c. of lime solution divided by the number of c.c. of 
soap solution required, will show the richness of the soap as compiured with 
the standard— if 10 o.c. only are used, the soap under examination is of the 
same quality as the standard ; if 15 or 20 c.c. are required, the percentage 
will be ii=667o or M=507o> and so on. 

The total alkalinity of the sample may be estimated by dissolving 50 gm. 
in water and diluting to 1 liter ; 60 c.c. are then titrated with nomial acid and 
eosin or oorallin. 

The alkali unoombined with fatty acids may be estimated by adding 50 c.c. 
of the above solution to about 800 c.c. of a saturated solution of neutnl sodio 
chloride ; the mixture is diluted to 400 c.c. When the fats have separated an 
aliquot portion of the fluid is filtered and titrated with acid, and the quantity 
of alkali so found is the amount in excess of that which is necessary to form 
trae soap. 

The alkali may also be determined by igniting a weighed quantity of the dry 
soap, and titrating with normal acid— if salt is present it may be estimated 
in Uie ash by ^ silver and chromate. 

10. Baw Caustic Potash, Pearlash, Kalnlte, &c. 

The e^camination of raw potash salts and mother-liquors, where 
the alkali exists free or as carbonate, is conducted precisely in the 
same way as has already been described in the case of soda. 
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In cases, however, where potash exists in combination as a neutral 
salt, such as kainite or kieserite, etc., or as a constituent of minerals, 
it has to be first separated as double chloride of potassium and 
platinum. The method usually adopted is that of collecting the 
double salt upon a tared filter, when the weight of the dry double 
salt is obtained, the weight of potash is ascertained by calculation. 

It may, however, be arrived at by volumetric means as follows : — 

The potash having been converted into double chloride in the usual way is 
dried, collected, and mixed with about double its weight of pure sodio 
oxalate, and gently smelted in a platinum crucible ; this operation results in 
the production of metallic platinum, chlorides of sodium and potassium, 
with some carbonate of soda. The quantity of potash present is, however, 
solely measured by the chlorine ; in order to arrive at this, the fused mass is 
lixiviated with water, filtered, nearly neutralized with acetic acid, and the 
chlorine estimated with ^u silver and chromate, the number of c.c. of silver 
required is multiplied by the factor 000157, which gives at once the weight 
of potash. This factor is used because 1 molecule of double chloride contains 
3 atoms chlorine, hence the quantity of ^V silver used is three times as much 
08 in the case of sodic or potassic chloride. 

11. Separation of the Potasli as Bitartrate. 

The mixed salts being rendered as nearly neutral as possible, a saturated 
solution of sodio bitartrate is added in excess, and the whole evaporated to 
dryness in the water bath. The dry mass is then deprived of the excess of 
sodic bitartrate by washing it on a filter with a saturated solution of potassio 
bitartrate; when all the soda ^alt has been removed, the potash salt is 
dissolved in hot water, and titrated with normal alkali, of which '1 c.c. 
represents 0*039 gm. E. In cases where potash is to be separated as bitar- 
trate, the operator should consult §26. 2 and 8. 



ALKALINE BABTHS. 

§ 17. Normal nitric or hydrochloric acids are the best agents for 
the titration of the caustic and carbonated alkaline earths, inasmuch 
as the resulting compounds are all soluble. Nitric acid is prefer- 
able on account of its non-volatile character when heated. 
All the insoluble forms of these bodies must be estimated by the 
residual method ; that is to say, dissolved first in an excess of normal 
acid, heated to dispel carbonic acid in the case of carbonates, and 
the amount of excess found by normal alkali. It will be at once 
seen that the volume of normal acid used is, at the same time, the 
measure of the carbonic acid whose place it has taken. 

Soluble Salts of the Alkaline Earths. 

Baryta, strontia, and lime may be estimated in their soluble salts 
by weighing a definite quantity of the solid compound, or measuring 
a volume of its solution, adding excess of ammonic carbonate and 
ammonia, and warming to 50° or 60** C. for a few minutes. The 
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precipitated carbonate is then to be iiltered, well washed with hot 
water till all soluble matters are removed, and the precipitate with 
filter titrated with normal acid, as already described. 

Magnesia salts require caustic soda or potash instead of ammonic 
carbonate ; but tlie process gives results slightly too low, owing to 
the solubility of magnesic hydrate. 

Lime, magnesia, baryta, and strontia, in the caustic state, or 
combined with carbonic acid, are dissolved by the aid of heat in 
an excess of normal acid, and then titrated with normal alkali. 
Chlorides and nitrates of the same bases are precipitated hot with 
ammonic carbonate containing caustic ammonia, thoroughly washed 
with hot water on a filter, and both filter and precipitate, while still 
moist, pushed through the funnel into a flask, and titrated as above ; 
by deducting the number of c.c. of alkali from the original quantity 
of acid used, the proportion of pure base, or its compounds, may Tje 
obtained. 

Earthy Carlonafes in Waters, — The amount of calcic, or calcic 
and magnesic, carbonates dissolved in ordinary waters may be very 
readily, and with tolerable accuracy, found by taking 200 or 300 
c.c. of the water, adding about 1 c.c. of cochineal indicator, and 
titrating cautiously with ,^^ nitric or sulphuric acid, until the 
original violet colour gives place to yellow. 

Example : A check trial was made by digesting pure calcic carbonate in 
water charged with carbonic acid gas — by titration 106 gm. per liter was 
found, by evaporation 1'09 gm. ; with mixtures of calcic and magnesic car- 
bonates, there will, of course, be no distinction between the two — the whole 
will be expressed as calcic carbonate, in the same way as by Clark's soap 
test. 



AMUONIA. 

NIP- 17. 

§ 18. In estimating the strength of solutions of ammonia by the 
alkalimetric method, it is better to avoid the tedious process of 
weighing any exact quantity, and to substitute for it the following 
plan, which is applicable to most liquids for the purpose of ascertain- 
ing both their absolute and specific weights. 

Let a small and accurately tared flask, beaker, or other convenient vessel 
be placed upon the balance, and into it 10 c.c. of the ammoniacal solution 
delivered from a very accurately graduated 10-c.c. pipette. The weight 
found is, of courpe, the absolute weight of the liquid in grams ; suppose it to 
be 9*65 gm., move the decimal point one place to the left, and the specific 
weight or gravity is at once given (water being 1), which in this case is 0*965. 

It must be borne in miiul that this system can only be used properly with 
tolerably delicate balances aqd very accurate pipettes. The latter should 
invariably be tested by weighing liistilled water at 16° C. 

The 10 0.0., weighing 9'66 gm., is now titrated with normal acid, of which 
49 c.c. are required, therefore 49x00l7=0'838 gm. NH'=8'64 per cent, of 
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real ammonia; according to Otto's table, 9*66 sp. gr. is equal to 8*50 per 
cent. Ammonio carbonate, and a mixture of the same with bicarbonate, as 
it moet commonly occurs in commerce, may be titrated direct with normal 
acid for the percentage of real ammonia. The carbonic acid can be deter- 
mined by precipitating the solution while hot with baric chloride, and when 
the precipitate is well washed, dissoWing it with an excess of normal acid and 
titrating backward with normid alkali ; the number of c.c. of acid used multi- 
plied by 0022 (the i mol. wt. of CO-) will give the weight of carbonic acid 
present in the sample. 



1. Estimation of Combined Ammonia by distillation with Alkalies 
or Alkaline Earths. 

This method allows of the expulsion of aminoBia from all its 
salts. Caustic soda, potash, or lime, may any of them be used 
where no organic nitrogenous compound exists in the substance ; 
but should such be the case, it is preferable to use freshly ignited 
magnesia. 

The distilling apparatus may conveniently be arranged by con- 
necting an ordinary well-stoppered small retort to a small Liebig 
condenser, and leading the distilled gas into a vessel containing an 
excess of normal acid. After the operation is ended, the excess of 
acid is asceii;ained by residual titration with normal alkali or 
^ ammonia, and thus the amount of displaced ammonia is found. 

The retort must bo so supported that its neck inclines well 
upwards, in order that any alkali mechanically carried into it by 
the spray which occurs during ebullition shall not reach the con- 
denser. An angle of about 30"* sufRces ; and in order that a conve- 
nient connection may be made with the condenser, the end of the 
retort is bent downward, and the connection securely made with 
india-rubber tubing. In like manner, the end of the condenser is 
elongated by a glass tube and india-rubber joint, so that the tube 
dips into a two-necked bottle or bulb, containing the measured 
normal acid ; the end of this tube should be cut obliquely, and 
reach nearly, but not quite, to the surface of the acid. The outlet 
of the receiver is fitted with a tube containing glass wool, broken 
glass, or fibrous asbestos, wetted with a portion of the normal acid, 
so that any traces of ammonia which may possibly escape conden- 
sation in the bulk of the acid may be retained. 

The retort containing the ammoniacal compound in solution 
being securely fixed, and all the apparatus tightly connected, the 
stopper of the retort is removed, and a strong solution of caustic 
alkali, or, in case of compounds in which ammonia is quickly 
released, pieces of solid alkali are rapidly introduced, the stopper 
inserted, and the distillation forthwith commenced. Lime or mag- 
nesia, suspended in water, must be added through a small funnel ; 
the distillation is continued until the steam has washed all traces 
of ammonia out of the condenser tube into the normal acid. Cold 
water is of course run continuously throtigh the condenser as usual. 
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Finally, the tubes connected with the receiver are well washed out 
into the bulk of normal acid, litmus added, and the titration com- 
pleted with normal alkali or ^ ammonia. 

Each cc* of normal acid neutralized by the displaced ammonia 
represents 0*017 gm. NH^. 

The apparatus shown in fig. 1 9 is of great value in determining 
accurately all the forms of ammonia which can bo displaced by 
soda, potash, or lime, and the gas so evolved collected in a known 
volume in excess of normal acid, the excess of acid being after- 
wards found by residual titration with normal alkali, or ^ ammonia. 




Fig. 19. 

The little flask, holding about 200 c.c. and placed upon the wire gauze 
contains the ammoniacal substance. The tube d is filled with strong solution 
of caustic potash or soda. The large flask holds about a pint, and contains a 
measured (quantity of normal acid, part being contained in the tube c, which 
is filled with glass wool or broken gloss, and through which the normal 
acid has been poured. The stoppers of the flasks should be caoutchouc, 
failing which, good corks soaked in melted paraffibe may be used. 
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The substance to be examined is weighed or measured, and put into the 
distilling flask with a little water, the apparatus then being made tight at 
every part ; some of the caustic alkali is allowed to flow in by opening the 
clip, and the spirit lamp is lighted under it. 

The contents are brought to gentle boiling, taking care that the froth, if 
any, does not enter the distilling tube. It is well to use a movable gas 
burner or common spirit lamp held under the flask in the hand ; in case there 
is any tendency to boil over, the heat can be removed immediately, and the 
flask blown upon by the breath, which reduces the pressure in a moment. 
In examining guano and other substances containing ammoniacal salts and 
organic matter by this means, the tendency to frothing is considerable ; and 
unless the above precautions are taken, the accuracy of the results will be 
interfered with. 

The distilling tube has both ends cut obliquely ; and the lower end nearly, 
but not quite, reaches to the surface of the acid, to which a little litmus may 
be added. The quantity of normal acid used must, of course, be more than 
sufficient to combine with the ammonia produced ; the excess is afterwards 
ascertained by titration with normal alkali or ^ ammonia. 

It is advisable to continue the boiling for say ten or fifteen minutes, then 
wait a minute or two to allow all the ammonia to be absorbed ; then opening; 
the clip, blow through the pipette so as to force all the remaining gas into 
the acid flask. The tube c must be thoroughly washed out into the flask 
with distilled water, so as to carry down the acid with any combined gas 
which may have reached it ; the distilling tube must also be washed through 
into the acid flask. The titration then proceeds as usual. This process is 
particularly serviceable for testing commercial ammoniacal salts, gas liquor, 
&c. (see below). The results are extremely accurate. 



8. Indirect Method. 

In the case of tolerably pure ammoniacal salts, free from acid, 
a simple indirect method can be used, which is as follows : — 

If the ammoniacal salt be boiled in an open vessel with normal caustic 
alkali, the ammonia is entirely set free, leaving its acid combined with the 
fixed alkali. If, therefore, the quantity of alkaline solution is known, the 
excess beyond that, necessary to supplant the ammonia, can be found by the 
ordinary system of titration. The boiling of the mixture must be continued 
till a piece of red litmus paper, held in the steam from the flask, is no longer 
turned blue. 

JExample: 1*5 gm. of purest sublimed ammonic chloride was placed in a 
vride-mouthed flask with 40 c.c. of normal soda, and boiled till all ammonia 
was expelled, then titrated back with normal sulphuric acid, of which 
11*9 C.C. were required ; 28* 1 c.c. of normal alkali had therefore been neutral- 
ized, which multiplied by 006387, the factor for ammonic chloride, gave 
1*499 gm., instead of 15 gm. originally taken. 



3. Technical Analysis of Gas Liauor, Sulphate of Ammonia, Sal 
Ammoniac, &o., arransred for the use of Manufacturers. 

This process depends upon the fact, that when ammoniacal salts 
are heated with caustic soda, potash, or lime, the whole of the 
ammonia is expelled in a free state, and can by a suitable apparatus 
(fig. 20) be estimated with extreme accuracy (see § 18.1). 
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The set of apimratus hero described consists of a distilling flask 
L, and condensing flask F, fitted together in such a manner, that no 
loss of free ammonia can occur ; the whole of the ammonia being 
liberated from the distilling flask into a measured quantity of free 
acid contained in the condensing flask, where its amount is after- 
wards found by the method hereinafter described. 

Anal y ids of Gas Liquor, — This liquid consists of a solution of 
carbonates, sulphates, hyposulphites, sulphides, cyanides, and other 
salts of ammonia. The object of the ammonia manufacturer is to 
get all these out of his liquor into the form of sulphate or chloride 
as economically as possible. The whole of the ammonia existing 
as free or carbonate in the liquor, can be distilled ofl* at a steam 
heat; the fixed salts, however, require to be heated with soda, 
potash, or lime (the latter is generally used on a large scale as most 
economical), in order to liberate the ammonia contained in them. 

The valuation of gas liquor is almost universally made by 
Twaddle' s hydrometer, every degree of which is taken to represent 
what is technically called "two-ounce strength;" that is to say, a 
gallon of such liquor should neutralize exactly two ounces by weight 
of concentrated oil of vitriol — thus 5 degrees, Twaddle, is called 
"ten-ounce" liquor — but experiment has clearly proved, that 
although the hydrometer may be generally a very convenient 
indicator of the commercial value of gas liquor, it is not accurate 
enough for the manufecturer who desires to work with the utmost 
economy. Sometimes the liquor contains a good deal of free 
ammonia, and in such case the hydrometer would show it to be 
weaker than it really is; on the other hand, sometimes, from 
accidental causes, other solid matters than ammonia salts occur in 
the liquor, and the hydrometer shows it to be stronger than it really 
is. Tlie method of saturation, by mixing standard acid with the 
liquor, is perhaps more correct than the hydrometer; but this 
system is entirely at feult in the presence of much fixed ammonia, 
and is, moreover, a very offiensivo and poisonous operation. 

The apparatus here described is exactly the same on a small 
scale as is necessary in the actual manufacture of sulphate of ammo- 
nia in quantities; and its use enables any manufacturer to tell to a 
fraction how much sulphate of ammonia he ought to obtain from . 
apy given quantity of gas liquor. It also enables him to tell exactly 
how much ammonia can be distilled ofl* with heat alone, and how 
much exists in a fixed condition requiring lime. 

The measures used in this process are on the metric^ system ; 
the use of these may, perhaps, at first sight appear strange to English 
manufacturers ; but as the only object of the process is to obtain 
the percentage of ammonia in any given substance, it is a matter of 
no importance which system of measures or weights are used, as 
when once the percentage is obtained, the tables will at once show 
the result in English terms of weight or measure. 
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a is a small pipette, holding 10 cubic centimeters to the mark in neck : 
this is the invariable quantity of liquor used for the analysis, whateyer the 
strength may be. This measure is filled to the mark by suction and 
tnuuferred, without spilling a drop, to flask B — the fittings being previously 
removed — the tube C is then filled in the same manner, with strong 
caustic soda solution from a clean cup or other vessel, in order to do 
which, the clip at the top must be opened ; the cork is then replaced, and 
the flask B is then securely imbedded in perfectly dry sand, in the sand- 
bath B. The graduated pipette £ is then filled in the same manner to the 
O mwk, with standard acid, and 20, 30, 40, or 50 cubic centimeters (accord- 
ing to the estimated strength of the liquor) allowed to flow into the flask P, 
through the cup G, which is filled with glass wool, or fibrous asbestos. The 
wool should be completely wetted with the acid, so that any vapours of 
ammonia which may escape the acid in the flask shall become absorbed 
by the acid. The quantity of standard acid to be used is regulated by the 
approximately known strength of tihe liquor, which of course can be 
told by Twaddle's hydrometer: thus, for a liquor of 3° Twaddle=6-oz. 
liquor, 20 c.c. — 8-oz., 25 c.c. — 10-oz., 30 c.c. of acid will be sufficient— but 
there must always be an excess. The required quantity can always be 
approximately known, since every 10 c.c. of acid represents 1 per cent, of 
ammonia. The standard acid having been carefully measured through the 
glass wool, the apparatus is fitted together at H by the elastic tube, and the 
india-rubber stoppers securely inserted in both flasks ; this being done, the 
lamp is lighted under the sand-bath, and at the same time the spring clip on 
C is pressed, so as to allow about two-thirds of the caustic soda to flow into 
B ; the rest will gradually empty itself during the boiling. The heat is con- 
tinued to boiling, and allowed to go on till the greater bulk of the liquid in 
B is boiled away into Y. A quarter of an hour is generally sufficient for 
tills purpose, but if the boiling is continued till the liquid in B just covers 
the bottom of the flask, all the ammonia will have gone over to P ; during 
the whole operation the distilling tube must never dip into the acid in F. 
In order to get rid of the last traces of ammonia vapour out of B, the lamp 
is removed, and the mouth being applied to the tube over the spring clip, 
the latter is opened, and a good blast of air immediately blown through with 
the mouth. The apparatus may then be detached at H ; distilled or good 
boiled drinking water is then poured repeatedly through G in small quanti- 
ties, till all traces of acid are removed ; and some water is also poured down 
the distilling tube, so as to wash all traces of ammonia which may be hanging 
about into flask F. This latter now contains all the ammonia out of the 
sample of Uquor, with an excess of acid, and it is necessary now to find out 
the quantity of acid in excess. This is done by means of the burette I, 
and the standard solution of ammonia. The standard solution of aqimonia 
is of exactly the same strength as the standard acid. In order to find out 
how much of the standard acid has been neutralized by the ammonia in the 
liquor distilled, the burette I is filled to O with standard ammonia, and two or 
three drops of tincture of litmus being added to the contents of flask F, the 
ammonia is slowly dropped into it from the burette, ^vith constant shaking, 
until the litmus iust turns from red to a blue colour. The number of c.c. of 
ammoiua so used, deducted from the number of c.c. of standard acid used, will 
show the number neutralized by the ammonia in the liquor distilled ; therefore, 
if the number of c.c. of ammonia used to produce the blue colour be deducted 
from the number of c.c. of standard acid originally used, it ¥nll show the num- 
ber of C.C. of standard acid neutralized by the ammonia, which has been distilled 
out of the liquor, and the strength of the solutions is so arranged that this is 
shown without any calculation. The following examples will suffice to show 
this : — Suppose that a liquor is to be examined which marks 5" T w a d d 1 e, equal 
to 10-ounce liquor ; 10 c.c. of it is distilled into 30 c.c. of the standard acid, 
and it has afterwanls required 6 c.c. of standard ammonia to neutralize it 
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tliiB leaves 24 c.c. as the volume of acid saturated by the distilled ammonia, 
and this represents 2*4 per cent. ; and on referring to the table it is found 
that this number corresponds to a trifle more than 11 ounces, the actual 
figures being 2*384 per cent, for 11 -ounce strength. 

The strength of the standard ammonia and acid solutions is so 
arranged, that when 10 c.c. of liquor is distilled, every 10 c.c. of 
acid solution represents 1 per cent of ammonia in the liquor. In 
like manner 13 c.c. of acid will represent 1*3 per cent, of ammonia 
corresponding to 6-ounce liquor. Instead of litmus, rosolic acid, 
hoematine, tropaBolin, or any other indicator used in alkalimetry 
may be suhstituted. 

The burette is divided into tenths of a cubic centimeter, and 
those who are familiar with decimal calculations can work out the 
results to the utmost point of accuracy ; the calculation being, that 
every 1 per cent of ammonia requires 4- CI ounces of concentrated 
oil of vitriol (sp. gr. 1'845) per gallon, to convert it into sulphate : 
thus, suppose that 10 c.c. of any given liquor have been distilled, 
and the quantity of acid required amounts to 18'G c.c, this is 
r8G per cent, and the ounce strength is shown in ounces and 
decimal jmi-tfi as follows : — 

4-Cl 
1-8G • 



2766 
3G88 
461 



8-5746 ounces of oil of vitriol. 



The liquor is therefore a trifle over 8^-ounce strength. 

SiTent Liquors, — It is frequently necessary to ascertain the 
percentage of ammonia in spent liquors, to see if the workmen 
have extracted all the available ammonia. In this case the 
same measure, 10 c.c. of the spent liquor, is taken, and the opera- 
tion conducted precisely as in the case of a gas liquor. 

Example : 10 o.c. of a spent liquor were distilled, and found to neutralize 
3 c.c. of acid ; this represents three-tenths of a per-cent. equal \g 1 oz., and 
four-tenths of an ounce, or nearly li oz. Such a liquor is too valuable to 
throw away, and should be worked longer to extract more ammonia. 

AnalyiU of Sulphate of Ajnmonia or Sal Ammoniac: An average 
sample of the salt beins drawn, it is well powdered and mixed in a mortiu*, 
and ten grams weighed, then transferred without loss to a beaker or flask 
having a 100 c.c. mark upon it, distilled or boiled drinking water poured 
on it, and well stirred till dissolved, and finally water added exactly to the 
mark. The 10 c.c. measure is then filled with the solution, and emptied 
into the distilling flask B ; 30 c.c. of standard acid are put into flask P 
and the distillation carried on precisely as in the case of a gas liquor. 
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The number of c.c. of standard acid required shows directly the percentage 
of ammonia ; thus, if 24*6 c.o. are used in the case of sulphate, it contains 
24*6 per cent, of ammonia. 

The liquors when tested must be measured at ordinary tempera- 
tures, say as near to 60"* F. as possible. The standard solutions must 
be kept closely stoppered and in a cool place. 

The following table is given to avoid calculations : of course, it 
%vill be understood that the figures given are on tbe assumption 
that the whole of the ammonia contained in the liquor is extracted 
in the manufacture as closely as it is in the experiment. With the 
most perfect arrangement of plant, however, this does not as a rule 
tdke place ; but it ought to be very near the mark with proper 
apparatus, and care on the part of workmen. 

By these experiments a manufacturer can easily tell the character 
of the work he is doing, and this is at least a matter of great 
importance. 



; Apppoxi- 

1 mate 
meaaoreof 
Standard | 

Acid in c.c.l 


Percentage 

of Ammonia 

NHa 


1 

Oimce 1 

strength 

gaUon. 


Weight of Sulphuric Aci 

and decimal parte requii 

gallon of Liqui 

C.O.V. ' B.O.V. 


d in pounds 
*edfor each 
>r. 

Chamber 

Acid. 
120o Tw. 


Yield of j 
Sulphate ' 
l)er gallon ill 
lbs. and ! 
decimal 


land tenths. 

1 






16% Tw. 


Utu Tw. 
•0781 


parts. 1 


1 2-2 


•2168 


1 


-0625 


-0893 


•0841 


4-3 


•4336 


2 


•1250 


•1562 


-1786 


•1682 


6-6 i 


•6604 


3 


•1875 


•2343 


-2679 


•2623 


1 8-7 


•8672 


4 


•2500 


•3124 


•3572 


•3364 


101 ; 


10840 


5 


•3125 


•3905 


•4465 


•4206 


130 ' 


1-8000 


6 


-3750 


•468G 


•6358 


•5046 


16-2 


1-5176 


7 


-4375 


•5467 


•6261 


•5887 ' 


173 


1-7344 


8 


•5000 


•6248 


•7144 


•6728 


19-5 


1-9512 


9 


-5625 


•7029 


•8037 


•7569 


21-7 


21680 


10 


•6250 


-7810 


•8930 


•8410 . 


23-8 


23840 


11 


•6875 


•8591 


•9823 


•9251 ' 


1 260 


2*6016 


12 


•7500 


-9872 


1^0716 


10092 ' 


1 28-2 


2-8184 


13 


•8125 


10153 


11609 


10988 


, 30-4 


3-0350 


14 


•8760 


1-0984 


1-2602 


1-1774 


' 32-5 


3-2520 


15 


•9375 


1-1715 


1-3395 


1-2615 


, 34-7 


3-4688 


16 


10000 


1-2496 


1^4288 


1-3456 


< 369 


3-6866 


17 


10626 


1-8277 


1-5181 


1-4297 ! 


390 


3-9024 


18 


11250 


1-4058 


1-6074 


1-5138 


1 41-2 


4-1192 


19 


11875 


1-4839 


1-6967 


1-5979 i 


1 433 

1 


4-3360 


20 


12500 


1-5620 


1-7860 


16820 

1 



The weight of sulphuric acid being given in decimals renders it 
very easy to arrive at the weight necessary for every thousand 
gallons of liquor, by simply moving the decimal point ; thus, 8-oz. 
liquor would recjuire 500 lbs. of concentrated oil of vitriol, 625 lbs. 
of brown oil of vitriol, or 71 4 J lbs. chamber acid for every 1000 
gallons, and should yield in all cases 672*8 (say 673; lbs. of 
sulphate. 
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4. Nitroffen in Organic Substances. 

This process consists in heating a convenient quantity of tlic 
dried substance in a combustion tube with soda lime, by which 
the nitrogen is converted into ammonia ; and this latter being led 
into a measured volume of normal sulphuric, hydrochloric, or nitric 
acid contained in Will and Varrentrapp's bulb apparatus, com- 
bines with its equivalent quantity ; the solution is then titrated 
residually with standard alkali for the excess of acid, and thus the 
quantity of ammonia found. 

As the combustion tube with its arrangements for organic 
analysis is well known, and described in any of the standard books 
on general analysis, it is not necessary to give a description here. 

Instead of leading the ammonia through normal acid, hydro- 
chloric acid of unknown strength may be used, the liquid brought 
into the distilling apparatus, and the ammonic chloride estimated 
by the process described in § 18.1. 

When it is necessary to estimate very minute portions of 
ammonia, it may be brought into the form of chloride, and 
estimated by decinormal silver solution (§ 38) ; or in many cases 
preferably by Nessler's test, described in the sectior on Water 
Analysis. 



ACIDIMETRY OR THE TITRATION OF ACIDS. 

Tliis operation is simply the revei-se of all that has been said 
of alkalies, and depends upon the same principles as have been 
explained in alkalimetry. 

With free liquid acids, such as hydrochloric, sulphuric, or nitric, 
the strength is generally taken by means of the hydrometer or 
specific-gravity bottle, and the amount of real acid in the sample 
ascertained by reference to the tables constructed byOtto, Bineau, 
or Ure. The specific gravity may very easily be taken with the 
pipette, as recommended with ammonia, and of course the real acid 
may be quickly estimated by normal caustic alkali. 
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TABLE FOB THE SYSTEMATIC ANALYSIS OF ALKALIES, 
ALKALINE EABTHS ANB ACIDS. 



Sabgfance. 



Formula. 


Atx>mio 
Weight. 


Na^O 


62 


NaHO 


40 


NaKJO^ 


106 


NaHCO^ 


84 


K^O 


91 


KHO 


56 


K«C03 


138 


KHC03 


100 


NH3 


17 


(NH^)»C03 


96 


CaO 


56 


CaBPO» 


74 


CaC03 


lOO 


BaH'O' 


171 


BaO«H«(H20)« 


816 


BaCO» 


197 


SrO 


103-5 


8rC03 


147-5 


MgO 


40 


MgC03 


84 


HN03 


68 


Ha 


86-37 


H«SO^ 


98 


C^WiBH))^ 


126 


CHym* 


60 


C^O«H« 


150 


C«07H8+HS0 


210 


C0» 


44 



Quantity to be 
weighed ao that 1 
C.C. Normal Solu- 
tion»l per cent. 

of suMtanoe. 



Normal 
Factor.* 



Soda 

Sodic Hydrate . . 
Sodio Carbonate . . 
Sodio Bioarbonate . 

Potash 

Potaasic Hydrate 
Potaaric Carbonate . 
Potaasic Bicarbonate 

Ammonia .... 
Ammonic Carbonate 

Lime (Caldc Oxide) 
Caloio Hydrate . 
Calcic Carbonate . 

Baric Hydrate 

Bo. (Crystals) 
Baric Carbonate . 

Strontia. . . . 
Strontic Carbonate 

Magnesia .... 
Magnesic Carbonate 

Nitric Acid . . 
Hydrochloric Acid 

Sulphuric Acid . 

Oxalic Acid . . 

Acetic Acid . . 

Tartaric Acid . . 

Citric Acid . . . 
Carbonic Acid 



8*1 gm. 
4*0 gm. 
5-8 gm. 
8*4 gm. 

47 gm. 

5*6 gm. 

6*9 gm. 

100 gm. 

17 gm. 
4-8 gm. 

2*8 gm. 
3-7 gm. 
5*0. gm. 

8*55 gm. 

15*75 gm. 

9-86 gm. 

5'176 gm. 
7-376 gm. 

200 gm. 
4*20 gm. 

6'8 gm. 
8*637 gm. 
4*9 gm. 
6*8 gm. 
60 gm. 
7*5 gm. 
70 gm. 



0081 
0040 
0068 
0-084 

0-047 
0-056 
0*069 
0100 

0017 
0-048 

0-028 
0-087 
0050 

O0856 
01675 
00985 

0-06175 
0-07375 

0020 
0-042 

0068 

008687 

0-049 

0-068 

0-060 

0075 

0-070 

0-022 



*This is the coefficient by which the number of c.c. of normal solution used in 
aoy analysis is to be multiplied, in order to obtain the amount of, pure substance 
present in the material examined. 

If grain weights are used instead of grams, the decimal point must be 
moved one place to the right to give the necessary weight for examination ; thus 
sodic carbonate, instead of 5*3 gm., would be 58 grains ; the normal factor in this 
case would also be altered to 0-58. 
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§ 19. HYDBOCHLOBIC AOID. 

HCl=36-37. 

Example : 5 o.c. of white and tolerably pure hydrochloric acid was put 
into a small tared bottle, and the weight found to be 6*6 gm. ; this diyided by 
5 gave the sp. gr. as 1'12. It was diluted and titrated with normal alkali, of 
which 37*1 CO. were required; this multiplied by 003637 gave 1349 gm.= 
24l7o. lire's table gives 24*46 for the same sp. gr. 

In order to ascertain the percentage of hydrochloric acid gas in 
any sample, it is only necessary to multiply the weight of gas found 
by normal alkali by 100, and divide by the v^eight of acid originally 
taken for analysis ; the quotient will be the percentage. Or, simpler 
than this, if the ^ equivalent in grams,=3-637 gm., or 1 equivalent 
in grains, =30 '37 grs., be weighed, the number of c.c. or decerns 
will be the percentage respectively. 

§20. NITBIC AOID. 
HNO'=63-0. 

SxampU : 6 c.c. of pure nitric acid weighed 6'076 gm., the sp. gr. was 
therefore 1*216 ; the quantity of normal alkali required was 83 c.c; which 
multiplied by 0054 gave 1*782 gm. NC)*=29-37o. lire's table gives 
29'57o for the same specific gravity. 

§ 21. SULFHUBIC ACID. 
H'SO*=980. 

ExampU : 10 cc of concentrated white sulphuric acid weighed 18*26 
gm. ; sp. gr., therefore, 1*826. 

In consequence of the great concentration and high sp. gr. of this acid, it 
is best to use only 1 or 2 c.c. for analysis ; and this is best done bv accurately 
meaeuring 10 or 20 cc. into a liter flask, diluting to the mark with water, and 
when cold taking 50 or 100 c.c. for titration. 

2 gm. of the above acid were titrated, and found to require 87 cc. of 
normal alkali =90*657o hydrated acid, which agrees exactly with Bineau's 
table. 

ACETIC ACID. 

C'H*O»=60. 

§ 22. In consequence of the anomaly existing between the specific 
gravity of acetic acid and its strength, the hydrometer gives no 
nnifomly reliable indication; and consequently the volumetric 
method is peculiarly suitable for ascertaining the value of free 
acetic acid. For most technical purposes norm^ caustic alkali may 
be used as the saturating agent ; but a slight error occurs in this 
method, from the fact that neutral acetates have an alkaline reaction 
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on litmus ; the error, however, is very small, if care be taken to 
add the alkali till a distinct blue colour is reached. As acetic acid 
is volatile at high temperatures, normal carbonate of soda must not 
be used for titrating it, as it would necessitate heat to expel the 
carbonic acid. 

Example: 6 o.c. of Beaufoy's acetic acid weighed 5'206 gm.= 
1*041 sp. gr. The quantity of normal alkali required to saturate it was 
271 CO., which multiplied by 006=1*626 gm. acetic acid, or 31'237o. ^or 
the ordinary vinegars there is no necessity to take the specific gravity into 
the question ; 5 or 10 c.c. may be taken as 6 or 10 gm. Malt or coloured 
vine^ must be copiously diluted, in order that the change in the colour of 
the htmus may be distinguished ; where the colour is such as to make the 
end of the procem doubtful, recourse must be had to litmus paper, upon 
which little strcnkB should be made from time to time with a fine ghuBS rod 
or a small feather. 

Several processes have at various times been suggested for the 
accurate and ready estimation of acetic acid, among which is that 
of Greville Williams, by means of a standard solution of lime 
syrup. The results obtained were very satisfactory. 

C. Mohr's process consists in adding to a Imown quantity of 
the acid a known excessive quantity of baric or calcic carbonate in 
fine powder. The pure calcic carbonate described in § 14,7 is 
preferable, as it dissolves more readily than baric salt. When the 
decomposition is as nearly as possible complete in the cold,, the 
mixture must be heated to expel the carbonic acid, and to complete 
the saturation ; the residual carbonate is then brought upon a filter, 
washed with boiling water, and titrated with normal acid and 
alkali. 

This process is applicable in all cases, and however dark the 
colour may be. In testing the impure brown pyroligneous acid it is 
especially serviceable. 

Pettenkofer titrates acetic acid or vinegar with a known excess 
of baryta water ; and estimates the excess of the latter with ^^ 
nitric or oxalic acid by the help of turmeric paper. 

The titration of acetic acid or vinegar may also be performed by 
the ammonio-cupric solution, described in § 14.10. 

1. Free Mineral Acids in Vinegar. — Hehner has devised an 
excellent method for this purpose {Analyst, i p. 105). 

Acetates of the alkalies are always present in commercial vinegar ; 
and when such vinegar is evaporated to dryness, and the ash ignited, 
the alkalies are converted into carbonates having a distinct alkaline 
reaction on litmus; if, however, the ash has a neutral or acid 
reaction, some free mineral acid must have been present. The 
alkalinity of the ash is diminished in exact proportion to the 
amount of mineral acid added to the vinegar as an adulteration. 
Hence the following process : — 

50 c.c. of the vinegar are mixed with 25 c.c. of ttt soda or potash, evaporated 

p 2 
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to dryness^ and ignited at a low red heat to convert the acetates into carbonates ; 
when cooled, 25 c.c. of y^ acid are added ; tbe mixture heated to expel CO3 
and filtered ; after washing the residue, the filtrate and washings are exactly 
titrated with y^r alkali ; the volume so used equals the amount of mineral 
acid present in the 50 c.c. of vinegar. 
1 CO. j\ alkali= 00049 gm. H^SO^ or 0-003637 gm. HCl. 

If the vinegar contain more than 0*2 per cent, of mineral acid, 
more than 25 c.c. of -^ alkali must be used to the 50 c.c. vinegar 
before evaporating and igniting. 

2. Acetates of the Alkalies and Earths. — These salts are 
converted by ignition into carbonates, and can be then residually 
titrated witb normal acid ; no other organic acids must be present, 
nor must nitrates, or similar compounds decomposable by heat. 
1 c.c. normal acid— 0*06 gm. acetic acid. 

3. Metallic Acetates. — ^Neutral solutions of lead and iron acetates 
may be precipitated by an excess of normal sodic or potassic carbonate, the 
precipitate well boiled, filtered, and washed with hot water, the filtrate and 
washings made up to a definite volume, and an aliquot portion titrated with 
N or tV <^i<l ; ^0 difierence between the quantity so used and calculated 
for the original volume of alkali will represent the acetic acid. 

If such solutions contain free acetic or mineral acids, they must 
be exactly neutralized previous to treatment. 

If other salts than acetates are present, the process must be 
modified as follows : — 

Precipitate with alkaline carbonate in excess, exactly neutralize with 
hydrochlorio acid, evaporate the whole or part to dryness, ignite to convert 
the acetates into carbooates, then titrate residually with normal acid. Any 
other organic acid than acetic will, of course, record itself in terms^of acetic 
acid. 

4. Commercial Acetate of Lime. — The methods just described 
are often valueless in the case of this substance, owing to tarry 
matters, which readily produce an excess of carbonates. 

Fresenius (Z. a. C. xiii. p. 153) adopts the following process for 
tolerably pure samples : — 5 gm. are weighed and transferred to a 250-c.c. 
fladc, dissolved in about 150 c.c. of water, and 70 c.c. of normal oxalic acid 
added ; the flask is then well shaken, and filled to the mark, 2 c.c. of water 
are added to allow for the volume occupied by the precipitate, the whole is 
again well shaken, and left to settle. The solution is then filtered through a 
dry filter into a dry flask : the volume so filtered must exceed 200 c.c. 

100 c.c. are first titrated with normal alkali and litmus; or, if highly 
coloured, by help of litmus or turmeric paper ; the volume used multiplied 
by 2'5 will give the volume for 5 gm. 

Another 100 c.c. are precipitated with solution of pure calcic acetate in 
slight excess, warmed gentiy, the precipitate allowed to settle somewhat, 
then filtered, well washed, dried, and strongly ignited, in order to convert 
the oxalate into calcic carbonate or oxide, or a mixture of both. The residue 
so obtained is then decomposed with excess of normal acid, and titrated 
residually with normal alkali. By deducting the volume of acid used to 
neutralize the precipitate from that of the alkali used in the first 100 cc, 



Digitized by VjOOQIC 



§ 23. VOLUMETRIC ANALYSIS. G9 

and multiplying by 2*5, is obtained the yolume of alkali expressing the 
weight of acetio acid in the 5 gm. of acetate. 

In the case of very impure and highly coloured samples of 
acetate, it is only possible to estimate the acetic acid by repeated 
distillations with pure phosphoric acid and water to incipient dry- 
ness, and then titrating the acid direct with normal alkali, each c.c. 
of which represents 006 gm. acetic acid, or 0079 gm. anhydrous 
calcic acetate. 

CITBIC ACID. 
C«0'H« + ffO = 210. 

§ 23. This acid in the free state can be titrated with pure normal 
soda and litmus ; the reaction is not, however, very satisfactory, owing 
to some uncertainty in the colour. It is best to ascertain the exact 
value of the standard alkali in terms of citric acid by titration with 
a pure specimen of acid, using litmus free fi-om red colour (§13, 1. c), 
and adopting a blue colour in the end. 1 c.c. normal alkali = 
0*07 gm. crystallized citric acid. 

1. Citrates of the Alkalies and Earths.— These citrates may be 
treated with neutral solution of lead nitrate or acetate, in the absence of 
other acids precipitable by lead. The lead citrate is washed with a mixture 
of equal parts alcohol and water, the precipitate suspended in water, and 
sulphuretted hydrogen passed into the mixture till all the lead is converted 
into sulphide ; the clear liquid is then boUed to remove H^S, and titrated 
with normal alkali as above. 

2. Pruit Juices, &c. — If tartaric is present, together with free 
citric acid, the former is first separated as potassic bitartrate, 
which can very well be done in the presence of citric acid, as 
follows : — 

A cold saturated proof spirit solution of potassic acetate is added to a 
somewhat strong solution of the mixed aoids in proof spirit, in sufficient 
quantity to separate all the tartaric acid as bitartrate, which after stirring 
well is allowed to stand some hours ; the precipitate is then transferred to a 
filter, and first washed with proof spirit, then rinsed off the filter with a cold 
saturated solution of potassic bitartrate, and allowed to stand some hours, 
with occasional stirring $ this treatment removes any adhering citrate. The 
bitartrate is again brought on to a filter, wached once with proof spirit, then 
dissolved in hot water, and titrated with normal acid, 1 c.c. of which- 
0*075 gm. tartaric acid. 

The first filtrate may be titrated for the free citric acid present after 
evaporating the bulk of the alcohol. 

3. Lime and I^emon Juices. — The citric acid contained in lemon, 
lime, and similar juices, may be very fairly estimated by 
Warington's method {J. C, S. 1875, p. 934). 

15 or 20 c.c. of ordinary juice, or ^—4 c.c. of concentrated juice, are first 
exactly neutralized with pure normal soda, made up, if necessary, to about 
50 CO., heated to boiling on a salt bath, and so much solution of calcic 
chloride added as to be Bughtly in excess of the organic acids present. The 



Digitized by VjOOQIC 



70 HANDBOOK OF § 24. 

mixture is kept* at the boiling point for about half-an-hour, the precipitate 
colleoted on a filter and washed with hot water, filtrate and washings concen- 
trated to about 15 C.C., and a dn^ of ammonia added}; this will produce a 
furUier precipitate, which is colleoted separately on a very small filter by 
help of the previous filtrate, then washed with a small quantity of hot water. 
Both filters, with their precipitates, are then dried, ignited at alow red heat, 
and the ash titrated with normal or /^ ^kVkULi, each o.c. of which represents 
respectively 007 or 0007 gm. H' Ci + H^O. 



OXALIC ACID. 

C'HW2H»0=126. 

§ 24. The freo acid can be accurately titrated with normal 
alkali and litmus, or tropseolin. 

In combination with alkalies, the acid can be precipitated with calcic 
chloride as calcio oxalate, where no other matters occur precipitable by 
calcium ; if acetic acid is present in slight excess it is of no consequence, a» 
it prevents the precipitation of small quantities of sulphates. The precipi- 
tate is well washed^dried, ignited, and titrated with normal acid, 1 c.o. of 
which =0063 gm. O. 

Acid oxalates are titrated direct for the amount of free acid. The 
reaction continues to be acid until alkali is added in such proportion 
that 1 molecule acid =s 2 atoms alkali metal 

The combined acid may be found by igniting the salt, ami 
titrating the residual alkaline carbonate as above. 

The estimation of oxalic acid in various combinations by per- 
manganate is fully explained in §§ 31-2 (c) and 48. 



PHOSPHORIC ACID. 
P=0« = 142. 

§ 25. Free tribasic phosphoric acid cannot bo titrated directly 
with normal alkali in the same manner as most free acids, owing to 
the fact, that when an alkaline base (soda, for instance) is added to 
the acid, a combination occurs in which at one and the same time red 
litmus paper is turned blue and blue red. This fact has been repeat- 
edly noticed in the case of some specimens of urine, also in milk. 
In order, therefore, to estimate phosphoric acid, or alkaline phos- 
phates, alkalimetrically, it is necessary to prevent the formation of 
soluble phosphate of alkali, and to bring the acid into a definite 
compound with an alkaline earth. Such a method gives tolerably 
good results when carried out as follows : — 

The solution of free acid, or its acid or neutral combination with alkali in 
a somewhat dilute state, is placed in a fiask, and a known volume of normal 
alkali in excess added, in order to convert the whole of the acid into a basic 
salt ; a drop or two of corallin (§ 18. 10) is added, then sufficient neutral baric 
chloride poured in to combine with all the phosphoric acid, the mixture is heated 
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neurly to boiling ; and, while hot, the excess of alkali is titrated with normal 
acid. The suspended baric phosphate, together with the liquid, poesesses a 
rose-red colour until the last drop or two of acid, after continuous heating 
and agitation, gives a permanent white or slightly yellowish, milky appear- 
ance, when the process is ended. 

The Tolume of normal alkali, less the volume of acid, represents the 
amount of alkali required to convert the phosphoric acid into a chemically 
neutral salt, 0^. tnsodic phosphate. 1 o.c. alkali =0*02866 gm. PH)'. In 
dealing with sxnall quantities of material, it is better to. use i or -^ standard 
solutions. 

Titration aa Ammonio-maffnesian Phosphate. — Stolba (Chem, 
Cent. 1866, pp. 727 — 8) adopts an alkalimetric method, which 
depends upon the fact, that one molecule of the double salt reqiiires 
two molecules of a mineral acid for saturation. 

The precipitation is made in the usual manner with magnesia mixture, 
welt washed with ammonia, and the ammonia completely removed by washing 
with alcohol of 60 or 60 per cent. The precipitate is then dissolved in a 
measured excess of iV ^^> cochineal added, and the amount of acid required 
is found by residual titration with yu alkali. Care must be taken that all 
free ammonia is removed from the filter and precipitate, and that the whole 
of the double salt is decomposed by the acid before titration, which may 
always be insured by using a rather large excess and warming. The titration 
is, however, best carried on at usual temperatures. 

This method has given me very good lesolts in comparison with 
the grayimetric method. The same process is applicable to the 
estimation of arsenic acid, and also of magnesia. 

1 c.c. of 1^ acid = 0'00366 gm. P0» 

„ „ = 0-00575 gm. As»0> 

„ =0-002 gm.MgO 

The reaction in the case of phosphoric acid may be expressed as 
follows : — 

Mg (NH*) PO + 2HC1 = (NH*) HTO* + MgCP. 



TABTABIO AOID. 

C^HW=150. 

§ 26. TnB firee acid may be readily titrated with normal alkali 
and litmus, or the azo colours, the reaction being much more regular 
than is the case with citric acid. 

1 c.c. alkalis:0'075 gm. tartaric acid. 

The amount of tartaric acid existing in tartaric acid liquors is 
best estimated by precipitation as potassic bitartrate ; the same is 
also the case with crude argols, lees, &c. Manufacturers are highly 
indebted to Warington and Grosjean for most exhaustive 
papers on this subject, to which reference should be made by all 
who desire to study the nature and analysis of all commereial com- 
pounds of citric and tartaric acids (Warington, J, C, 8* 187^, 
pp. 925—994; Grosjean, /. C. S. 1879, pp, 341—866) 
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Without entermg into the copious details and explanations given 
by these authorities, the methods may be summarized as follows : — 



1. Commeroial Tartrates. 

In the case of good olean tartan, even though they may contain sulphates 
and carbonates, very accurate results may be obtained by indirect methods. 

(a) The very finely powdered sample is first titrated with normal alkali, 
and thus the amount of tartaric acid existing as bitartrate is found; another 
portion of the sample is then calcined at a moderate heat, and the ash 
titrated. By deducting from the volume of acid so used the volume used 
for bitartrate, the amount of base corresponding to neutral tartrates is 
obtained. 

Jb) The whole of the tartaric acid is exactly neutralized with caustic 
a, evaporated to dryness, calcined, and the ash titrated with normal acid ; 
the total tartaric acid is then calculated from the volume of standard acid 
used ; any other organic acid present will naturally be included in this 
amount. In the case of fairly pure tartars, &o., this probable error may be 
disregarded. 

"Warington's description of the first process is as follows : — 

6 gm. of the finely powdered tartar are heated with a little water to 
dissolve any carbonates that may be present. If it is wished to guard against 
crystalline carbonates, 5 c.o. of standard hydrochloric acid are added in the 
first instance, and the heating is conducted in a covered beaker. Standard 
alkali is next added to the extent of about three-fourths of the amount 
required by a good tartar of the kind examined, plus that equivalent to the 
hydrochloric acid used, and the whole is brought to boiling ; when nearly 
oold, the titration is finished. From the amount of alkali consumed, minus 
that required by the hydrochloric acid, the tartaric acid present as acid 
tartrate is calculated. 

2 gm. of the powdered tartar are next weighed into a platinum crucible 
with a well-fitting lid ; the crucible is placed over an argand burner ; heat is 
first applied very gently to dry the tartar, and then more strongly till inflam- 
mable gas ceases to be evolved. The heat should not rise above very low 
redness. The black ash is next removed with water to a beaker. If the 
tartar is known to be a good one, 20 c.o. of standard sulphuric acid are now 
run from a pipette into the beaker, a portion of the acid being used to rinse 
the crucible. The contents of the beaker are now brought to boiling, filtered, 
and the unneutralized acid determined wfth standard alkali. As the charcoal 
on the filter under some circumstances retains a little acid, even when well 
washed, it is advisable when the titration is completed to transfer the filter 
and its oontents to the neutralized fiuid, and add a further amount of alkali 
■ if necessary. From the neutralising power of a gram of burnt tartar is 
subtracted the acidity of a gram of unbumt tartar, both ex]pressed in cubic 
oentimeters of standard alktdi, the difibrence in the neutralizing power of the 
bases existing as neutral tartrates, and is then calcolated into tartaric acid 
on this assumption.* 

If the tartar is of low quality, 5 c.o. of solution of hydrogen peroxide 
(1 volume=10 volumes of oxygen) are added to the black ash and water, and 

* It is obyioiu that the neatnUidiig power of the uh of an aoid tartrate ia exactly 
the nme aa the acidity of the same tartrate before baraing. In making the cadcuU- 
tiona, it must be remembered that the valae of the alkali in tartaric acid ia twice aa 
great in the eahmlation made from the acidity of the unbomt tartar, aa in the oalcu- 
latioo of the aoid ezistiag as neutral tartrates. 
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immediately afterwards the standard sulphuric aoid ; the rest of the analysis 
proceeds as already described; the small acidity usually belonging to the 
peroxide solution must, however, be known and allowed for in the calcula- 
tion. By the use of hydrogen peroxide the sulphides formed during ignition 
are reconverted into sulphates, and the error of excess which their presence 
would occasion is avoided. 

The above method does not give the separate amounts of acid and 
neutral tartrates in the presence of carbonates, but it gives the 
correct amount of tartaric acid ; it is also correct in cases where 
free tartaric acid exists, so long as the final results show that some 
acid existed as neutral salt. Whenever this method shows that 
the acidity of the original substance is greater than the neutralizing 
power of the ash, it will be necessary to use the method &, which 
is the only one capable of giving good results when the sample 
contains much free tartaric acid. 

Instead of the alkalimetric estimation in both the above methods, 
equally good results may be got by a carbonic acid determination 
in the ash with Scheibler's apparatus (§ 27*6), or any of the usual 
methods. 

2. Tartaric Aoid Liquors. 

Old factory liquors contain a great variety of substances gradually 
accumulated, from which the actual tartaric acid can only be sepa- 
rated as bitartrate by the following process : — 

(c) A quantity of liquor containing 2—4 grams of tartaric acid, and of 
30-~40 c.c. volume, is treated with a saturated solution of neutral potassic 
citrate, added drop by drop with constant stirring. If free sulphuric acid is 
present no precipitate is at first produced ; but as soon as the sulphuric aoid 
18 satisfied, the bitartrate beeins to appear in streaks on the sides of the 
vessel. When this is seen, tne remainder of the citrate is measured in to 
avoid an undue excess : 4 c.c. of a saturated solution of potassic citrate will 
be found sufilcient to precipitate the maximum of 4 grams of tartaric acid 
supposed to be present. If the liquor contain a great deal of sulphuric 
acid, a fine precipitate of potassic sulphate will precede the formation of 
bitartrate, but is easily distinguished from it. With liquors rich in sulphuric 
acid, it is advisable to stir the mixture vigorously at intervals for half an 
hour, then proceed as in 8 <f . 

Orosj ean modifies this process by precipitating the liquor with an excess 
of calcic carbonate, then boiling the mixture with excess of potassic oxalate. 
By this means the alumina, iron, phosphoric and sulphuric acids are thrown 
down with the calcic Oxalate, and the precipitate allows of ready filtration. 
The separation as bitartrate then follows, as in d. 

3. Very Impure Lees and Arffola. 

Grosjean (J, C. S. 1879, p. 341) gives a succinct method for 
the treatment of these substances, based on Warington's original 
oxalate process, the principle of which is as follows : — 

The finely ground sample (= about 2 gm. tartaric acid) is first moistened 
with a little water, heated to 100" C, then digested for 16 minutes or so with 
an excesB of neutral potassic oxalate (the excess must not be less than 
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1'6 gm.)> and nearly neutralized with caustic potash. After repeated stir- 
ring, the mixture is transferred to a vaouum filter, and the residue washed ; 
the liquid so ohtained contains all the tartaric acid as neutral potassic tar- 
trate ; excess of citric acid is added, which precipitates the whole of the 
tartaric acid as hitartrate, and the amount is found hy titration with standard 
alkali in the usual way. 

One of the chief difficulties in treating low qualities of material is the 
filtntion of the nearly neutral mixture above mentioned. Grosj can adopts 
the principle of Casamajor's filter (C. N. xxxii. p. 45), using an ordinary 
funnel with either platinum, lead, or pumice disc ; but whether this, or 
Bun sen' 8, or other form of filter is used, the resulting filtrate and washings 
(which for 2 gm. tartaric acid should not much exceed 60 c.c.) are ready for 
the separation of the hitartrate in the following improved way : — 

(d) To the 60 c.c. or so of cold solution 5 gm. of powdered potassic 
chloride is added, and stirred till dissolved: this renders the subsequent 
precipitation ofbitartrate very complete. A 60-per-cent solution of citric add is 
then mixed with the liquid in such proportion, that for every 2 gm. of tartaric 
acid an equal, or slightly greater amount of citric acid is present. By con- 
tinuously stirring, tne whole of the hitartrate comes down in ten minutes 
(Grosj ean) ; if the temperature is much above 16° it is preferable to wait 
half an hour or so before filtering. This operation is best done on the 
vacuum filter, and the washing is noade with a 6-per-cent solution of ^taasic 
chloride, saturated at ordinary temperature with potassic hitartrate ; if great 
accuracy is required, the exact acidity of the solution should be found by 
Y^ alkali, and the washing continued until the washings show no greater 
acidity, thus proving the absence of citric acid. Finally, the washed pre- 
cipitate is gently pressed into a cake to free it from excess of liquid, tnu^- 
f erred to a beaker with the filter, hot water added, and titrated with standard 
alkali. 

The troublesome filtration can be avoided in many cases by taking SO — 
40 gm. of substance, and after decomposition by oxalate, and neutnlising 
with potash, making up the volume to 160 or 200 cc, adding water in 
corresponding proportion to the bulk of the residue, then taking an aliquot 
portion for precipitation. A blank experiment made by Grosj ean in this 
way, gave a volume of 3*75 cc. for the residue in 10 gm. lees. Other things 
being equal, therefore, 80 or 40 gm. may respectively be made up to 161 
and 215 cc, then 50 c.c. taken for precipitation. 



CABBONIO AOIB AND OABBONATBS. 

§ 27. All carbonates are decomposed by strong acids; the 
carbonic acid which is liberated splits up into water and carbonic 
anhydride (CO^), which latter escapes in the gaseous form. 

It will be readily seen from what has been said previously as to 
the estimation of the alkaline earths, that carbonic acid in com- 
bination can be estimated volumetrically with a very high degree 
of accuracy (see § 1 7). 

The carbonic acid to be estimated may be brought into 
combination with either calcium or barium, these bases admitting 
of the firmest combination as neutral carbonates. 

If the carbonic acid exist in a soluble form as an alkaline mono- 
carbonate, the decomposition is effected by the addition of baric or 
calcic chloride as before directed ; if as bicarbonate, or a compound 
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between the two, ammonia must be added with either of the 
chlorides. 

As solution of ammonia frequently contains carbonic acid, it 
must be removed by the aid of baric or calcic chloride, previous to 
use, should there be any present. 

1. Carbonates Soluble in Water. 

It is necessary to remember, that when calcic chloride is used as 
the precipitant in the cold, amorphous calcic carbonate is first 
formed ; and as this compound is sensibly soluble in water, it is 
necessary to convert it into the crystalline form. In the absence of 
free ammonia this can be accomplished by boiling. When ammonia 
is present, the same end is obtained by allowing the mixture to 
stand for eight or ten hours in the cold, or by heating for an hour 
or two to 70 — 80** C. With barium the precipitation is regular. 

Another fact is, that when ammonia is present, and the precipi- 
tation occurs at ordinary temperatures, ammonic carbamate is 
formed, and the baric or calcic carbonate is only partially precipi- 
tated. This is overcome by heating the mixture to near boiUng for 
a couple of hours, and is best done by passing the neck of the 
flask through a retort ring, and immersing the flask in boiling 
water. 

When caustic alkali is present in the substance to be examined, 
it is advisable to use barium as the precipitant ; otherwise, for all 
volumetric estimations of CO* calcium is to be preferred, because 
the precipitate is much more quickly and perfectly washed than 
the barium compound. 

Example: 1 gm. of pure anhydrous Bodic carbonate was dissolved in 
water, precipitate while hot with bario chloride, the precipitate allowed to 
Bettle well, the clear liquid decanted through a moist filter, more hot water 
containing a few drops of ammonia poured over the precipitate, which was 
repeatedly done so that the bulk of the precipitate remained in the flask, 
being washed by decantation through the filter ; when the washings showed no 
trace of chlorine, the filter was transferred to the flask containing the bulk 
of the precipitate, and 20 o.o. of normal nitric aoid added, then titrated with 
normal idk^, of which 1'2 o.c. were required =188 o.o. of acid; this 
multiplied by 0*022, the coefficient for carbonic acid, gave 0-4186 gm. 00'= 
41*36 per cent., or multiplied by 0063, the coefficient for sodio carbonate, 
gave 0*9964 gm. instead of 1 gm. 

1 gm. of dry sodic bicarbonate in p|0wder was dissolved and heated for two 
hours with ammonia and calcic chloride, the precipitate washed with boiling 
water till all ammonia was removed, the precipitate and filter then titrated 
with normal acid and alkali; the quantity of aoid used was 23*7 c.c.=:62'l 
per cent, of 00^; the per-centage, supposing the salt to be absolutely pure, 
would be 52*8. 

2. Carbonates Soluble in Acids. 

It sometimes occurs that substances have to be examined for 
carbonic acid, which do not admit of being treated as above 
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described ; such, for instance, as the carbonates of the metallic 
oxides (white lead, calamine, etc.), carbonates of magnesia, iron, 
and copper, the estimation of carbonic acid in cements, mortar, and 
many other substances. In these cases the carbonic acid must be 
evolved from the combination by means of a stronger acid, and 
conducted into an absorption apparatus containing ammonia, then 
precipitated with calcic chloride, and titrated as before described. 

The following form of apparatus (fig. 21) affords satisfactory 
results. 




Fig. 21. 

The weighed substance from which the carbonic acid is to be evolved is 
placed in h with a little water and litmus ; and the tube d contains strong 
hydrochloric acid, and c broken ^lass wetted with ammonia free from carbonic 
acid. The flask a is about one-eighth filled with the same ammonia, the bent 
tube must not enter the liquid. When all is ready and the corks tight (best 
secured by wetting them), warm the flask a gently so as to fill it with vapour 
of ammonia, then open the clip and allow the acid to flow circumspectly 
upon the material, which may be heated until all carbonic acid is apparently 
driven off; then by boiling and shaking the last traces can be evolved, and the 
operation ended. When cool, the apparatus may be opened, the end of the 
bent tube washed into a, and also a good quantity of boiled distUled water 
passed through c, so as to carry down any ammonic carbonate that may have 
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fonned. Then add solution of calcic chloride, boil, filter, and titrate the 
precipitate as before described. 

During the filtration, and while ammonia is present, there is a great avidity 
for carbonic acid, therefore boiling water should be used for washing, and the 
funnel kept covered with a small glass plate. 

In many instances CO* may be estimated by its equivalent in 
chlorine with ^ silver and potassie chromate, as shown in § 38. 



3. Oarbonio Acid Qaa in Waters, Ac. 

The carbonic acid existing in waters as neutral carbonates of the 
alkalies or alkaline earths may very elegantly and readily be titrated 
directly by ^ acid and cochineal or tropaeolin (see § 17.1). 

Well or spring water, and also mineral waters, containing free 
carbonic acid gas, can be examined by collecting measured quantities 
of them at their source, in bottles containing a mixture of clEdcic and 
ammonic chloride, afterwards heating the mixture in boiling water 
for one or two hours, and titrating the precipitate as before 
described. 

Pettenkofer's method with caustic baryta or lime is decidedly 
preferable to any other. Lime water may be used instead of baryta 
with equally good results, but care must be taken that the 
precipitate is crystalline. 

The principle of the method is that of removing all the carbonic 
acid from a solution, or from a water, by excess of baryta or lime 
water of a known strength ; and, after absorption, finding the excess 
of baryta or lime by titration with weak standard acid. 

The following is the best method to be pursued for ordinary 
drinking waters not containing large quantities of carbonic acid : — 

100 CO. of the water are put into a fiask with 3 o.c. of strong solution of 
calcic or baric chloride, and 2 c.c. of saturated solution of ammonic chloride ; 
46 0.0. of baryta or lime water, the strength of which is previously ascertained 
by means of decinormal acid, are then added, the flask well corked and put 
aside to settle ; when the precipitate is f ull^ subsided, take out 60 c.c. of the 
clear liquid with a pipette, and let this be titrated with decinormal acid. The 
quantity required must l>e multiplied by 8 for the total baryta or lime 
solution, there being 60 c.c. only taken ; the number of c.c. so found must be 
deducted from the original quantity required for the baryta solution added ; 
the remainder multiplied by 0*0022 (the acid being decinormal) will give the 
weight of carbonio acid existing free and .as bicarbonate in the 100 c.c. of 
water. 

The addition of the baric or calcic chloride and ammonic chloride is made 
to prevent any irregularity which might arise from the presence of alkaline 
carbonates or sulphates, and also magnesia. 

If it be desirable to ascertain the volume of carbonic acid from 
the weight, 1000 c.c. of gas, at 0** and 0'76 m.m., weigh 1 '96603 gm. 
100 cubic inches weigh 47" 26 grains. 
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4. Carbonic Acid in Aerated Beveragres, &c. 

For ascertaining the quantity of carbonic acid in bottled aerated 
waters, such as soda, seltzer, potass, and others, the following 
apparatus is useful. 

Fig. 22 is a brass tube made like a cork-borer about five inches long, having 
four small holes, two on each side, and about two inches from its cutting end ; 
the upper end is securely connected with the bent tube from the absorption 
flask (fig. 23) by means of a vulcanized tube ; the flask contains a tolerable 
quantity of pure ammonia, into which the delivery tube dips ; the tube a 
contains broken ^lass moistened with ammonia. 

Everything being ready the brass tube is greased with tallow or paraffine, 
and the bottle being held in the right hand, the tube is screwed a little aslant 
through the cork by turning the bottle round, until the holes appear below 
the cork and the gas escapee into the flask. When all visible action has 
ceased, after the bottle has been well shaken two or three times to evolve all 
the gas that can be possibly eliminated, the vessels are quietly disconnected, 
the tube a washed out into the flask, and the contents of the bottle added 
also ; the whole is then precipitated with calcic chloride and boiled, and the 
precipitate titrated as usual. This gives the total carbonic acid free and 
combined. 




Fig. 22. 



To find the quantity of the latter, another bottle of the same manufacture 
must be evaporated to dryness, and the residue gently ignited, then titrated 
with normal acid and alkali ; the amount of carbonic acid in the monocar- 
bonate deducted from the total, will give the weight of free gas originally 
present. 

The volume may be found as follows :— 1000 c.c. of ojirbonic acid at 0% and 
76 m.m., weigh 1-96663 gm. Suppose, therefore, that the total weight of 
carbonic acid found in a bottle of ordinary soda water was 2*8 gm., and the 
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weight combined with alkali 0-42 gm., this leaves 2*88 gm. CO^ in a free 
state— 

1-96663 : 238 : : 1000 : x = 1210 c.c. 

If the number of c.c. of carbonic acid found is divided by the 
numbei of c.c. of soda water contained in the bottle examined, the 
quotient will be the volume of gas compared with that of the soda 
water. The volume of the contents of the bottle is ascertained by 
maiking the height of the fluid previous to making the experiment; 
the bottle is afterwards filled to the same mark with water, emptied 
into a graduated cylinder and measured; say the volume was 
292 C.C., therefore 

^J5=414 vols. CO^. 

5. Cajrbonio Acid in Air. 

A glass globe or bottle capable of being securely closed by a 
stopper or otherwise, and holding 4 to 6 liters, is filled with the air 
to be tested by means of a bellows aspirator ; baryta water is then 
introduced in convenient quantity and of known strength as 
compared with /V ^^^- ,The vessel is securely closed, and the liquid 
allowed to flow round the sides at intervals during half an hour ; if 
at the end of that time no great amount of cloudiness in the baryta 
has occurred, it may be advisable to refill the bottle with air one or 
more times. This can of course be done with the aspirator as at first, 
taking care on each occasion to agitate the vessel, so as to bring the 
baryta in contact with all parts of its sur&ce during the space of 
half an hour. When sufiicicnt air has thus been treated, the baryta 
is emptied out quickly into a beaker, the bottle rinsed out with 
distilled water firee from CO', the rinsings added to the baryta, and 
the excess of the latter at once ascertained by /^ hydrochloric acid 
and turmeric paper as described in § 14.9 ; or, instead of taking the 
whole of the baryta, that and the rinsings may be emptied into a 
stoppered cylinder, made up to a definite measure, and half or one- 
third taken for titration. The final calculation is of course made on 
the total baryta originally used, and upon the exact measurement of 
the air-collecting vessel 

It is above all things necessary to prevent the absorption of CO^ 
from extraneous sources during the experiment The error may be 
reduced to a jninimum by carrying on the titration in the vessel 
itself, which is done by fixing an accurately graduated pipette 
through the cork or caoutchouc stopper of the air vessel, to the 
upper end of which is attached a stout piece of elastic tube, closed 
with a pinch-cock ; and this being filled to the mark with dilute 
standard acid acts as a burette. The baryta solution is placed in the 
air bottle with a drop or two of corallin (§ 13.10), and after 
absorption of all CO", the excess of baryta is found by running in 
the acid until the colour disappears. 
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The cork or stopper must have a second opening to act as venti- 
lator ; a small piece of glass tube does very well. 

y§^ acid should be used as the standard; the proportionate 
strength of the baryta must be found by a blank experiment. 

If a freshly made solution of oxalic acid is used containing 
0*2863 gm. per liter, each c.c. represents 1 mgm. CO*. The liquid 
holds its strength correctly for a day, and can be made as required 
from a strong solution, say 28 '636 gm. per liter. 

Another method of calculation is, to convert the volume of 
baryta solution decomposed into its equivalent volume in yQ acid, 
1 c.c. of which =0*002 2 gm. CO^ or by measurement at 0° C. and 
760 m.m. pressure represents 1*119 c.c. 

Expired Air, — Marcet uses a special vessel for the treatment 
of air for carbonic acid from the lungs {J, (7. 8. 1880, p. 495). 
The absorption by baryta, and the analysis, however, do not 
essentially differ from the method described above. 



6. Sohiebler^s Apparatus for the estimation of Carbonic Aoid 

by Volume. 

This apparatus is adapted for the estimation of the quantity of 
carbonic acid contained in native carbonates, as well as in artificial 
products, and has been specially contrived for the purpose of readily 
estimating the quantity of carbonic acid contained in the bone-black 
used in sugar refining. The principle upon which the apparatus is 
founded is simply this: — That the quantity of cai'bonic acid 
contained in calcic carbonate can, according to well-known rules of 
combining proportion, be used as a measure of the quaatity of that 
salt itself ; and instead of determining, as has been usually the case, 
the quantity of carbonic acid by weight, this apparatus admits of 
its estimation by volume ; and it is by this means possible to 
perform, in a few minutes, operations which would otherwise take 
hours to accomplish, while, moreover, the operator need scarcely 
possess any knowledge of chemistry. The analytical results obtained 
by means of this apparatus are correct, provided care be taken to 
use all the needful precautions. 

The apparatus is shown in fig. 24, and consists of the following 
parts ; — ^The glass vessel. A, serves for the decomposition of the 
material to be tested for carbonic acid, which for Uiat purpose is 
treated with dilute hydrochloric acid ; this acid is contained, pre- 
vious to the beginning of the experiment, in the gutta-percha vessel 8, 
The glass stopper of A is perforated, and through it firmly passes 
a glass tube, to which is fastened the india-rubber tube r, by means 
of which communication is opened with B, a bottle having three 
openings in its neck. The central opening of this bottle contains a 
glass tube (r) firmly fixed, which is in communication, on the one 
hand, with A, by means of the flexible india-rubber tube already 
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alluded to, and, on the other hand, inside of B, with a very thin 
india-rubber bladder, K (similar, as regards thinness, to the very light 
and well-known inflated india-rubber balloons sold as toys). The 
neck (q) of the vessel £ is shut off during the experiment by means 
of a piece of india-nibber tubing, kept firmly closed with a spring 




clamp. The only use of this opening of the bottle £, arranged as 
described, is to give access of atmospheric air to the interior of the 
bottle, if required. The other opening is in communication with 
the measuring apparatus C, a very accurate cylindrical glass tube 
of 150 C.C. capacity, divided into 0*5 c.c; the lower portion of this 
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tube G is in communication with the tube D, serving the purpose 
of controlling the pressure of the gas. The lower part of this tube D 
ends in a glass tube of smaller diameter, to which is fastened the 
india-rubber tube p^ leading to £, but the communication between 
these parts of the apparatus is closed, as seen at p, by means of a 
spring clamp. E is a water reservoir, and on removal of the clamp 
at p^ the water contained in C and D runs off towards E; when it is 
desired to force the water contained in E into C and D, this can be 
readily done by blowing with the mouth into V, and opening the 
clamp at 2?. 

The main portion of the apparatus above described, with the 
exception, however, of the vessel A, is properly fixed by means of 
brass fittings to a wooden board, as represented in the woodcut ; a 
thermometer is also attached. The filling of the apparatus with 
water is very readily effected by pouring it through a suitable funnel 
placed in the open end of the tube D, care being taken to remove, or 
at least to unfasten, the spring clamp at p ; in this manner the 
water runs into E, which should be almost entirely filled. Distilled 
water is preferable for this purpose, especially as the filling only 
requires to be done once, because the water always remains in E as 
long as the apparatus is intended to be kept ready for use. When 
it is required to fill the tubes C and D with water, so as to reach the 
zero of the scale of the instrument, it is best to remove the glass 
stopper from A. The spring clamp at 2? is next unfastened, and air 
is then blown by means of the mouth into the tube V, which 
communicates with £ ; by this operation the water rises up into the 
tubes C and D, which thus become filled with that liquid to the 
same height. Care should be taken not to force the water up above 
the zero of the scale at C, and especial care should be taken against 
forcing so much of the fiuid up that it would run over into the tube 
n, and thence find its way to B, whereby a total disconnection of 
all the parts of the apparatus would become necessary. If by any 
accident the water should have been forced up above the zero at C, 
before the operator had closed the spring clamp at py this is easily 
remedied by gently opening that clamp, whereby room is given for 
the water to run off to E in such quantity as may be required to 
adjust the levd of that fiuid in C precisely with the zero of the scale. 
The filling of the tube C with water has the effect of forcing the air 
previously contained in that tube into B, where it causes the compres- 
sion of the. very thin india-rubber ball placed within B. If it should 
happen that this india-rubber ball has not become sufficiently com- 
pressed and flattened, it is necessary to unfasten the spring clamp at 
q, and to cautiously blow air into B, through the tube q, by wluch 
operation the complete exhaustion of the in£a-rubber bladder placed 
within B is readily performed. This operation is also required only 
once, because during the subsequent experiments the india-rubber 
bladder K is emptied spontaneously. It may happen. However, 
that while the filling of the tubes D and C with water is being 
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proceeded with, the india-rubber bladder K has become fully 
exhausted of air before the water in G reaches the zero of the scale. 
In that case the level of the water in the tubes D and C will not be 
the same, but will be higher in D : it is evident, however, that this 
slight defect can be at once remedied by momentarily unfastening 
the spring clamp at q. 

The apparatus should bo placed so as to be out of reach of direct 
sunlight, and should also be protected against the heat of the 
operator's body by intervention of a glass screen, and is best placed 
near a north window, so as to afford suflBcient light for reading off 
the height of the water in the tubes. 

In testing carbonates the method of procedure is as follows : — 

Put the very finely powdered portion of carbonate into the perfectly diy 
decomposing glass A, fill the gatta-percha tube with 10 c.c. hydrocnloric 
acid of l'I2 sp. gr., place the tube cautiously in the decomposing glass, and 
then close the bottle with the well-tallowed stopper. Here the water will 
sink a little in C and rise in D ; open q for a moment, and the equilibrium 
will be restored. Now note the thermometer and barometer, grasp the bottle 
with the right hand round the neok to avoid warming, raise it, indine it 
slightly so that the hydrochloric acid may mix with the substance gradually, 
and at the same time with the left hand regulate p, so that the water in the 
two tubes may be kept at exactly the same height ; continue these operations 
without intermission, till the level of the water in C does not change for a 
few seconds. Now bring the columns in C and D to exactly the same height, 
read off the height of the water, and note whether the temperature has 
remained constant. If it has, the number of c.c. read off indicates the 
liberated carbonic acid ; but as a small quantity has been dissolved by the 
hjdrochlorio acid, it is necessary to make a correction. Scheibler has 
determined the small amount of carbonio acid which remains dissolved in 
the 10 CO. hydrochloric acid at the mean temperature, and he directs to add 
0*8 c.c. to the volume of the carbonic acid read off. AVarington (C. N. 
xxxi. p. 253) states that this is not a constant quantity, but is dependent 
upon the volume of gas evolved, and this ratio he fixes at 7 per cent. Lastly, the 
volume being reduced toO°, 760 m.m., and the dry condition the weight is found. 

If it is desired to dispense with all corrections, each set of experi- 
ments may be begun by establishing the relation between the 
carbonic acid obtained in the process (/.c. the CO* actually yielded 
+ 0-8 c.c.) and pure calcic carbonate. This relation is^ of course, 
dependent on the temperature and pressure prevailing on the particu- 
lar day. For example, from 0*2737 gm. calcic carbonate containing 
0-120428 gm. CO^ 63-8 c.c. were obtained, including the 0-8 c.c. ; 
and in an analysis of dolomite under the same circumstances from 
0-2371 gm. substance, 57-3 c.c. were obtained, including the 0*8 c.c. 

Therefore 63-8 : 57-3 : : 0120428 : ar, orar=0-10816, consequently 
the dolomite contains 46*62 per cent, of CO*. 

For the special procedure in testing bone-black, used in sugar 
refining, the reader is referred to the printed instructions supplied 
with the apparatus. 

Wigner (Analyst^ i. p. 158) has obtained exceedingly good 
results in the analysis of lead carbonates, &c., with Mc Leod's 
gas apparatiis. 
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ESTIMATION OF OOMBINBD AOIDS IN NEUTRAL SALTS. 

§ 28. This comprehensive method of determining the quantity 
of acid in neutral compounds (but not the nature of the acid), is 
applicable only in those cases where the base is perfectly precipitated 
by an excess of caustic alkali or its carbonate. The number of 
bodies capable of being so precipitated is very large, as has been 
proved by the researches of Langer and Wawnikiewicz {Aim, 
CJiem. 7t, Phar, 1861, p. 239), who seem to have worked out the 
method very carefully. These gentlemen attribute its origin to 
Bunsen; but it does not seem certain who devised it. The best 
method of procedure is as follows : — 

The substance is weighed, dissolved in water in a 300-c.o. flask, heated to 
boiling or not, as may be desirable; normal alkali or its carbonate, aooording 
to the nature of the base, is then added, from a burette, until the whole is 
decidedly alkaline. It is then diluted to 800 c.o. and put aside to settle, and 
100 o.c. are taken out and titrated for the excess of alkali ; the remainder 
multiplied by 8, gives the measure of the acid combined with the original 
salt, t.0. supposing the precipitation is complete. 

Example : 2 gm. crystals of baric chloride were dissolved in water, heated 
to boiling, and 20 c.c. normal sodic carbonate added, diluted to 800 c.c, and 
100 c.o. of the clear liquid titrated with normal nitric acid, of which 1*2 c.c. 
were required : altogether, therefore, the 2 gm. required 16'4 c.c. normial 
alkali ; this multiplied by 0122 ^ave 20008^m. Ba Cl^, instead of 2 gm.; 
multiplied by the factor for chlorme 0' 03587, it yielded 0'68007 gm. Theory 
requires 0'5809 gm. chlorine. 

The following substances have been submitted to this mode of 
examination with satisfactory results : — 

Salts of the alkaline earths precipitated with an alkaline car- 
bonate while boiling hot. 

Salts of magnesia, with pure or carbonated alkali. 

Alum, with carbonate of alkali. 

Zinc salts, boiling hot, with the same. 

Copper salts, boiling hot, with pure potash. 

Silver salts, with same. 

Bismuth salts, half an hour's boiling, with sodic carbonate. 

Nickel and cobalt salts, with the same. 

Lead salts, with the same. 

Iron salts, boiling hot, with pure or carbonated alkali. 

Mercury salts, with pure alkali. 

Protosadts of manganese, boiling hot, with sodic carbonate. 

Chromium persalts, boiling hot, with pure potash. 

Where the compound under examination contains but one base 
precipitable by alkali, the determination of the acid gives, of course, 
the quantity of base also. 

Wolcott Gibbs ((7. N. i. 1868, p. 151) has enunciated a 
new acidimetric principle applicable in cases where a base is pre- 
cipitable at a boiling temperature by hydric sulphide, and the acid 
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set free so as to be estimated with standard alkali. Of course the 
method can only be used where complete separation can be obtained, 
and where the salt to be analyzed contains a fixed acid which has 
no effect upon hydric sulphide. A weighed portion is dissolved in 
water, brought to boiling, and the gas passed in until the metal is 
completely precipitated ; which is known by testing a drop of the 
clear liquid upon a porcelain tile with sulphuretted hydrogen water, 
or any other appropriate agent adapted to the metallic salt under 
examination. 

The liquid is filtered from the precipitate, and the latter well 
washed, and the solution made up to a definite measure. An 
aliquot portion is then titrated with normal alkali as usual, with 
one of the phenol indicators. 

In the case of nitrates or chlorides, where nitric or hydrochloric 
acid would interfere with the hydric sulphide, it was found that the 
addition in tolerable (quantity of a neutral salt containing an organic 
acid {e.g, sodic or potassic tartrate, or the double salt) obviated all 
difficulty. 

The results obtained by Gib bs in the case of copper, lead, bismuth, 
and mercury, as sulphate, nitrate, and chloride, agreed very closely 
with theory ; but the process would be very objectionable to many, 
on account of - the offensive and poisonous character of the gas 
necessarily employed in the precipitation. 



EXTBNSION OF ALKALIUETBIC UETHODS. 

§ 29. BoHLiG (Z. a. C. 1870, p. 310) has described a method 
for the estimation of sulphuric acid, baryta, chlorine, iodine, and 
bromine, which appears worthy of some consideration, since the 
only standard solutions required are an acid and an alkali. 

Alkaline sulphates are known to be partially decomposed, in 
contact with baric carbonate, into alkalme carbonates and baric 
sulphate. The decomposition is complete in the presence of free 
carbonic anhydride ; acid carbonates of the alkali-metals are left in 
solution, together with some acid baric carbonate, which can be 
removed by boiling. The solution is filtered, and the alkaline 
carbonate determined by means of a standard acid solution, and 
the amount of sulphuric acid or alkaline sulphate calculated 
from the amount of normal acid required. This process has been 
satisfactorily used by Haubst for sulphates in waters (C7. N, 
xxxvi. p. 227), and by Grossmann for salt cake {C. N. xli. 
p. 114). See also § 16.7. 

Keutral chlorides, bromides, and iodides, more especially of the 
alkali-metals, are most readily decomposed by pure silver oxide 
into insoluble silver salts, leaving the alkali-metal in solution as 
hydrate (ammonia salts always excepted), which can then be deter- 
mined as usual by standard acid. 
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The author treats solutions containing sulphates of the heavy 
metals, of the eartlis or alkaline earths, and free from acids whose 
presence would iniluence the method, viz., phosphoric, arsenic, 
oxalic, &c., with a solution of potassic carbonate, so as to precipitate 
the bases and leave about double or treble the amount of alkaline 
carbonate in solution. From I to 1^ gm. of substance is operated 
upon in a flask. The solution is made up to 500 cc, well shaken, 
and the precipitate allowed to subside. 50 cc. are then filtered, 
and titrated with standard acid and tropaeolin. Another 100 cc* 
are Altered in like manner into a strong quarter-liter flask, and 
diluted with about 100 cc of hot water ; the requisite quantity of 
normal acid is then run in at once from a burette ; the solution 
diluted to 250 cc ; and about a gram of dry baric carbonate 
(free from alkali) added. The flask is next closed, and the liquid 
well agitated. The decomposition of the alkaline sulphate is com- 
plete in a few minutes. The flask should be opened now and then 
to allow the carbonic anhydride to escape. Finally, about ^ gm. 
of pulverized baric hydrate is added, the whole well shaken, and 
a portion of the rapidly clearing liquid tested qualitatively for 
barium and sulphuric acid. Tlie result should be a negative one. 
50 cc corresponding to 20 cc. of the original solution are then 
Altered and titrated with normal acid, and the quantity of sulphuric 
acid (sulphate) calculated as usual. 

The source of carbonic anhydride is thus placed in the liquid 
itself, provided the quantity of potassic carbonate be not too small. 

Equivalent quantities of K»SO*+2K2CO»+2HCl + BaCO» when 
mixed with sufticient water, change into BaSO*+2KHCO»+2KCl, 
and it is therefore more than sufficient to add twice the quantity 
of potassic carbonate compared with the alkaline sulphate operated 
upon. 

Baric hydrate is added with a view of removing any carbonic 
anhydride left in the liquid after boiling, which would otherwise 
dissolve some of the excess of baric carbonate contained in the 
precipitate. 

Any baric hydrate not required to remove CO'^ is acted upon by 
the acid potassic carbonate, but does not influence the final result. 

Phosphoric and oxalic acids the author proposes to remove by 
means of calcic chloride; chromic acid by deoxidizing agents, 
such as alcohol and hydrochloric acid. Bohlig recommends this 
method for estimating sulphuric acid in ashes, crude soda, Stass- 
furth salts, &c. 

Solutions containing baryta are estimated in like manner by 
precipitation as carbonate, and decomposition with potassic sulphate 
in a solution containing free carbonic acid. Chlorine is determined 
in solutions by first precipitating any metallic chloride with potassic 
carbonate added in moderate excess. The filtrate is made up to 
250 cc, and the excess of potassic carbonate determined in 50 cc. 
by means of a normal solution of HCl. 125 cc of the solution 
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are next treated with excess of silver oxide and made up to 250 c.c., 
well shaken (out of contact with the light) and filtered. 100 c.c. 
of the filtrate are titrated with normal hydrochloric acid. The 
difference hetween the quantity of acid required in the last and 
that of the first experiment, multiplied by 5, gives the amount of 
chlorine contained in the original solution. A portion of the 
filtrate should be tested for chlorine by means of mercurous nitrate. 

The filtrate is obtained perfectly clear only in the presence of 
some potassic or sodic carbonate, and by employing argentic oxide 
free from argentous oxide. A few drops of pure potassic per- 
manganate added to the argentic oxide preserved in water prevent 
formation of the latter. The oxide to be employed for each 
experiment is filtered when required, and thoroughly washed. 

Bromine and iodine are determined in like manner. The author 
has not been able, however, to estimate the mixtures of the halogen 
salts; but he has made the interesting observation that potassic 
iodide, when boiled with potassic permanganate, is completely 
oxidized into iodate. This facilitates the detection of small 
quantities of chlorine and bromine, in the presence of much 
iodide, llie greater part of iodate may be separated also by 
precipitation with baric nitrate before determining chlorine. The 
standard acid solutions which Bohlig employed contained not more 
than one-third of the equivalent of HCl or SO* per liter. 

For further particulars the reader is referred to the original 
paper (Arch. Pharm. 3. cxlv. p. 113). 

Siebold (Tear Book of Pharmacyy 1878, p. 518) describes 
a very ingenious process, devised by himself, for the titration of 
caustic and carbonated alkalies by means of prussic acid, the 
principle of which is explained in § 55. The process is useful in 
the case of carbonates, since 00^ is no hindrance. 

0*5 to 1 gm. of the alkali or alkaline carbonate is dissolved in about 100 c.c. of 
water, and an excess of hydrocyanio acid (say 10 or 20 c.c.) of 6 per cent, solution 
added ; then iV silver solution cautiously added with constant stirring until 
a faint permanent turbidity occurs. Each c.o. of -nr silver^O^OlSS gm. 
K«CO», or 00106 gm. Na*CO». 

In the case of chlorides being present, their quantity may be 
determined by boiling down tbe mixture to about half its volume 
to expel all free prussic acid, adding a drop or two of potassic 
chromate as indicator, then titrating with ^-^ silver. Any excess 
above that required in the first titration will be due to chlorine, and 
may be calculated accordingly. 
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PART III. 
ANALYSIS BY OXIDATION OR REDUCTION. 

INTBODUCTION. 

§ 30. The series of analyses which occur under this system are 
veiy extensive in number, and not a few of them possess extreme 
accuracy, such in fact, as is not possible in any analysis by weight. 
The completion of the various processes is generally shown by a 
distinct change of colour ; such, for instance, as the occurrence of 
the beautiful rose-red permanganate, or the blue iodide of starch ; 
and as the smallest quantity of these substances will colour 
distinctly laige masses of liquid, the slightest excess of the oxidizing 
agent is sufEcient to produce a distinct effect. 

The principle involved in the process is extremely simple. 
Substances which will take up oxygen are brought into solution, 
and titrated with a substance of known oxidizing power ; as, for 
instance, in the determination of ferrous salts by permanganic 
acid. The iron is ready and willing to receive the oxygen, 
the permanganate is equally willing to part with it ; while the iron 
is absorbing the oxygen, the permanganate loses its colour almost 
as soon as it is added, and the whole mixture is colourless ; but 
immediately the iron is satisfied, the rose colour no longer disappears, 
there being no more oxidizable iron present. In the case of potassic 
permanganate the reaction is: 10 reO + 2 MnK0* = 6 Fe'*0' + 
2 MnO + K^O. Oxalic acid occupies the same position as the 
ferrous salts; its composition is C'0*ff+ 2H*0=126. If perman- 
ganate is added to it in acid solution, the oxalic acid is oxidized to 
carbonic acid, and the manganic reduced to manganous oxide, thus 
MnW+5C*O*H« + 2H«SO*=10CO'+2MnSO*+7H«O. When the 
oxalic acid is all decomposed, the colour of the permanganate no 
longer disappears. On the other hand, substances which will give 
up oxygen are deoxidized by a known excessive quantity of reducing 
agent, the amount of which excess is afterwcuxls ascertained by 
residual titration with a standard oxidizing solution ; the strength 
of the reducing solution being known, the quantity required is a 
measure of the substance which has been reduced by it. 

The oxidizing agents best available are — potassic permanganate, 
iodine, potassic bichromate, and red potassic prussiate. 

The reducing agents are — sulphurous acid, sodic hyposulphite, 
oxalic acid, ferrous oxide, arsenious anhydride, stannous chloride, 
yellow potassic prussiate, and zinc. 

With this variety of materials a great many combinations may be 
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arraoged so as to make this system of analysis very comprehensive ; 
but the following are given as sufficient for almost all purposes, and 
as being susceptible of the greatest amount of purity and stability 
of materia^ with exceedingly accurate results : — 

1. Permanganate and ferrous salts (with the rose colour as 
indicator) ; permanganate and oxalic acid (with the rose colour as 
indicator). . 

2. Potassic bichromate and ferrous salts (with cessation of blue 
colour when brought in contact with red potassic prussiate, as 
indicator). 

3. Iodine and sodic hyposulphite (with starch as indicator) ; 
iodine and sodic arsenite (with starch as indicator). 



PREPARATION OF STANDARD SOLUTIONS. 

PBBMANaANIO AOID AND FEBB0T7S OXIDE. 

1. PotasBlo Fermanffanate. 

Mn*K*0* =5 315-6. Decinormal Solution = 3*156 gm. per liter. 

§ 31. The solution of this salt is best prepared for analysis by 
dissolving the pure crystals in fresh distilled water of such a 
strength, that 17*85 c.c. will peroxidize 1 decigram of iron. The 
solution is then decinormal. If well kept, and shaded from sun- 
light, it will retain its strength for several months. 

If the salt can be had perfectly pure and dry, 3*156 gm. dissolved 
in a liter of water at 16** C. will give an exactly decinormal solu- 
tion ; but, nevertheless, it is always well to titrate it upon a definite 
quantity of iron or oxalic acid. 

The solution may be kept in any well-stoppered bottle, and 
while it is quite free from sediment^ it may be taken for granted 
that its strength is not much altered. 

In all cases where accuracy is required, it is imperative that the 
exact strength should be proved by titration in one of the following 
ways : — 

2. Titration of Permaneranate. 

(a) With Ammonio-ferrom Sulphate, In order to ascertain 
the strength of the permanganate, it may be titrated with either a 
weighed quantity of metaUic iron, oxalic acid, or the double sul- 
phate of iron and ammonia. 

This latter salt is a most convenient substance for titrating the permanga- 
nate, as it saves the time and trouble of dimolving the iron, and being 
perfectly stable when pure, it can be depended on without risk. To prepare 
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it, 189 parts of the purest crystals of ferrous sulphate, and 66 parts of pure 
crystallized ammonic sulphate are separately dissolved in the least possible 
quantity of distilled water of about 40" C. (if the solutions are not perfectly 
clear they must be filtered) ; mix them at the same temperature in a poroeUdn 
dish, adding a few drops of pure sulphuric acid, and stir till cold. During the 
stirring the double salt will fall in a finely granulated form. Set aside for a 
few hours, then pour off the supernatant hquor, and empty the salt into a 
clean funnel with a little cotton wool stuffed into the neck, so that the mother- 
liquor may drain away ; the salt may then be quickly and repeatedly pressed 
totween fresh sheets of clean filtering paper. Lastly, place in a current of 
air to dry thoroughly, so that the smidl grains adhere no longer to each other, 
or to the paper in which they are contained, then preserve in a stoppered 
bottle for use. 

The formula of the salt is— Fe (NH*)^ (S0*)«, 6H*0=392. 

Consequently it contains exactly one-seventh of its weight of 
iron; therefore, 0*7 gm. represent 0-1 gm. of iron, and this is a 
convenient quantity to weigh for the purpose of titrating the 
permanganate. 

0*7 gm. being brought into dilute solution in a flask or beaker, and 6 or 
6 c.c. of dilute sulphuric acid (1 to &) added (the titration of permanganate, 
or any other substance by it, should aJways take place in the presence of free 
acid, and preferably sulphuric), the perman^nate is delivered from a burette 
with glsss tap divided in i or iV c.c.; until a point occurs when the rose 
colour no longer disappears on shaking. A drop or two of the permanganate 
in excess suffices to produce this effect. The titration is now ended, and 
should the quantity not be strictly correct, the number of c.c. used may be 
marked upon the bottle as the quantity for 01 gm. Fe, or the factor found, 
which is necessary to reduce it to decinormal strength, or if too strong, it 
may be diluted to that strength at once. 

(b) With Metallic Iron. — The purest iron to be obtained is 
thin annealed binding-wiro free from nist. 

About 0*1 gm. of this is to be dissolved in dilute sulphuric add, by the aid 
of heat, in a small flask closed with a cork, through which a flne glass tube 
is passed, so that tiie hydrogen which is evolved escapes under pressure, thus 
preventing the access of air ; or the apparatus shown in § 59 may be used. 
When the iron is all dissolved the flask may be two-thirds filled with cold 
distilled water, and the titration with permanganate commenced and concluded 
as in the case of the double sulphate. 

The decomposition which ensues from titrating ferrous oxide by 
permanganic acid may be represented as follows : — 

lOFeO and MnW= 2MnO and SFe'O'. 

(c) With Oxalic Acid,^0'eS gm. of the pure acid is to be weighed, or 
10 c.c. of normal solution measured virith a pipette, brought into a fiask with 
dilute sulphuric acid, as in the case of the iron salt, and considerably diluted 
with water, then warmed to about SS"* C, and the permanganate added from 
the burette. The colour disappean slowly at first, but afterwards more 
rapidly, becoming first brown, then yellow, and so on to colourless. More 
care must be exercised in this case than in the titration with iron, as the 
action is less decisive and rapid. 

(d) With, Lead ftcate^e.— -Stolba prefers this salt to oxalic 
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acid, for the reasons that it contains no water, nor is liable to 
absorb any from exposure, and because of its high molecular 
weight, 1 part of the salt representing 042799 of oxalic acid, or 
63 oxtdic acid =s 147*2 lead oxalate. 

The method of titration is similar to that with oxalic acid, using 
dilute sulphuric acid, and warming the mixture to insure the com- 
plete decomposition of the salt into lead sulphate and free oxalic 
acid. Sodic oxalate is also anhydrous and equally serviceable. 

The lead oxalate is prepared by precipitating pure lead acetate 
with oxalic acid in excess, and washing the precipitate by decanta- 
tion with warm water till all free acid is removed ; the precipitate 
is then dried at 120'' C, and preserved for use. 

(e) With Ammonic Sulphncyanate. — A standard solution of 
sulphocyanate holds its strength well for a long period, and is very 
convenient for the rapid verification of permanganate solution, The 
reaction is such, that when sulphocyanate is added to an acid 
solution of permanganate, sulphuric and hydrocyanic acids are 
produced, and colourless manganese salts are left in solution. The 
reaction may be expressed thus :— CNSH + 30 = S0» + CNH. 
Each c.c. of YG sulphocyanate = 0*0048 gm. oxygen. 

The standard sulphocyanate is described in § 39, but for this 
purpose it is advisable to use ^^^ solution. 

10 0.0. of the permanganate are freely diluted, sulphurio acid added, and 
the sulphocyanate delivered in with shaking, and waiting a few moments 
between each addition, until the red colour entirely disappears. A strictly 
deoinonnal permanganate should require 16*7 c.c. of a stnctly centinormal 
sulphocyanate. 

The operation requires some practice to ensure good results, as the colour 
does not dinppear so rapidly or distinctly as with ferrous salts. The sharpest 
results are obtained by running the permanganate into the sulphocyanate, 
60 0.0. of which should require 30 c.o. ^ permanganate to give the faint 
pink colour. Owing to the great dilution of the solutions, and the probable 
traces of impurity in the water or sulphuric acid used, these exact numbers 
may not be obtained ; but it will be found, that having established the rela- 
tionship between the two solutions with pure water and a known volume of 
H^0^ a repetition of the titration under the same conditions will show 
whether the permanganate has varied. 

(/) With Vanadk Pentoxide.— GoiUnd ((7. N. xxxvi. p. 272) 
adopts this method of verification for permanganate ; and the process 
is certainly elegant, and easily carried out. It can, however, 
only be recommended in the same manner as the foregoing, 
for the occasional titration of a permanganate solution, to ascertain 
whether it has lost strength, and not for the original standardizing 
of the solution. 

It is first necessary to have a solution of pure vanadic pentoxide 
containing, say, about 1 or 2 gm. ; this is dissolved by heat in pure 
dilute sulphuric acid, producing a clear yellow solution. When 
this is boiled with aqueous sulphurous acid it is reduced to blue 
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vanadic tetroxide, which is perfectly unchangeable in acid solution, 
in the absence of alcohol or carbonaceous matters, and may be 
boiled to expel excess of S0\ The addition of permanganate brings 
it back to pentoxide, and hence the process as follows : — 

The pure sulphuric acid solution of pentoxide being obtained in a capa- 
cious flask, an excess of aqueous sulphurous acid is added and boiled till it 
becomes blue, and all excess of SO^ is dissipated ; the solution is then cooled 
and titrated with permanganate till the red colour is just apparent. 

The quantity of permanganate is then noted and marked on the flask, 
which should be set aside, and absolutely closed against dust or other 
reducing matter (which might cause the formation of trioxide). 

The solution so obtained may at any time be used again and again by 
simply reducing with sulphurous acid by boiling, taking care that all excess 
is removed, then cooling and titrating as before described. 

Gerland states that he has solutions of various strengths pre- 
served in flasks, which have repeatedly been titrated in the course 
of years, and which continue to give the reaction as delicately as 
when first prepared. 



3. PrecautionB in Titratinfir with Permanfiranate. 

It must be borne in mind that free acid is always necessary in 
titrating a substance with permanganate, in order to keep the 
resulting manganous oxide in solution. Sulphuric acid, in a dilute 
form, has no prejudicial effect on the pure permajiganate, even at a 
high temperature. iN'ot so, however, nitric or hydrochloric acid; the 
former, though very dilute, if it contain the lower oxides of nitrogen, 
immediately decomposes the solution, consequently the last traces 
of these must be removed by boiling previous to its addition. 
With hydrochloric acid the solution to be titrated must be very 
dilute and of low temperature, otherwise chlorine will be liberated 
and the analysis spoiled. This acid acts as a reducing agent on 
permanganate in concentrated solution, thus — 

Mn^O' + 14HC1=7H«0 + lOCl + 2MnCP. 

Under any circumstances, with this acid the analysis must be sub- 
jected to correction, as will be shown further on. 

Organic matter of any kind decomposes the permanganate, and 
the solution, therefore, cannot bo filtered through paper, nor can it 
be used in Mohr's burette, because it is decomposed by the india- 
rubber tube. It may, however, be filtered through gun cotton or 
glass wool. 

The determination of iron by permanganate, under many circum- 
stances hitherto recommended, is subject to great error, so great, in 
fact, that the determination may be totally worthless unless subjected 
to correction. 

Lei wenthal and Lenssen (Z, a, C. L p. 329) have con- 
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tributed a valuable paper on the subject, a short summary of which 
is as follows. A complete series of determinations of iron was made 
with different quantities of free hydrochloric and sulphulic acids, 
with variable quantities of water, free from air and containing air 
and at various temperatures, correction being in all cases made for 
the quantity of solution of permanganate necessary to colour the 
various bulks of liquid. 

The results proved conclusively that the process was exact only 
when the iron existed as sulphate, when a moderate quantity of free 
sulphuric acid was present, and when deduction was made for the 
colouration of the liquid. Fr es eni us has also most carefully checked 
the statements made by Lbwenthal and Lenssen, obtaining 
results which point to the same conclusion. It is not necessary 
to give the experiments of Fresenius in detail. The permangar 
nate solution was prepared with the pure crystals, and of such strength 
that 100 c.c.=0-4 gm. iron. The iron solution was prepared fi»m 
pure sulphate. The hydrochloric and sulphuric acids used were 
absolutely pure, the first of 1*12 spec, grav., the last of 1-23. Fresh 
distilled water was used for the dilution, and in order to remove 
any traces of reducing agents it was acidified with sulphuric acid, 
and sufficient permanganate added to give a permanent pinkish 
colour. The correction, therefore, for colouration of the liquid was 
unnecessary. 

The variation in quantity of permanganate required for 10 c.c. of 
iron solution was from 12-6 to 14 '3 cc, the difference being in all 
cases larger with the increase of hydrochloric acid. 

From the experiments it is proved, that titration with perman- 
ganate is far less trustworthy in the presence of free hydrochloric than 
of sulphuric acid, owing, undoubtedly, to the reaction previously 
explained. All researches, however, go to prove that when a 
solution of the substance to be titrated with hydrochloric acid is 
divided into three portions, and successively titrated in the same 
liquid, the mean of the second and third (setting the first entirely 
aside) will be trustworthy. 

There can be very little doubt that the discrepancies shown to 
occur in the use of hydrochloric acid will account, in some measure, 
for the frequent want of accuracy in Pelouze's method for the 
determination of nitrates and similar processes. It is, therefore, 
advisable, in all possible cases, to use sulphuric acid for acidifying 
the solution, and to avoid any large excess. 

Where hydrochloric acid must be used, and potassic bichromate 
is not admissible for titration, the fractional estimation before 
mentioned must be adopted, taking the second, or mean of the 
second and third titrations, as correct. Where this is not practicable 
it is best to prepare a mixture of hydrochloric acid and water, add 
some ferrous sulphate, and titrate with permanganate to the red 
tinge, then add the substance, and titrate with permanganate. 
Experiment has shown that this method is satisfactory. 
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TITRATION OF PBBBIC SALTS BY PEBMANGhANATE. 

§ 32. All ferric compounds requiring to be estimated by per- 
manganate must^ of course, be reduced to the ferrous state. This 
may be done by sulphurous acid or sodic sulphite, but is best 
accomplished by metsdlic zinc in sulphuric acid solution. Hydro- 
chloric may also be used with the precautions above mentioned. 

The reduction occura by simply adding to the warm diluted 
solution small pieces of zinc (free from iron, or ' at least with a 
known quantity present), until colourless ; or until a drop of the 
solution brought in contact with a drop of potassic sulphocyanide 
produces no red colour. All the zinc must be dissolved previous 
to the titration. 

The reduction may be hastened considerably, either by using a 
flask containing so much amalgamated zinc in pieces {ue, zinc 
saturated with mercury) as to occupj^ almost as much space as the 
liquid, or by placing the liquid in a platinum crucible or basin, 
with small pieces of zinc. In this latter ca?e a galvanic circuit is 
established, by which the reduction is accomplished with the use of 
very little zinc. The capsule should be covered with a glass plate, 
or otherwise confined, during the operation. 

When the reduction is complete, no time should be lost in 
titrating the solution. 



CALOULATION OF ANALYSES MADE WITH 
FEBMANGhANATE SOLXTTION. 

§ 33. The calculation of analyses with permanganate, if the 
solution is not strictly decinormal, can be made by ascertaining its 
factor, reducing the number of -c.c. used for it to decinormal 
strength, and multiplying the number of c.c. thus found by ^^]}oC" 
of the equivalent weight of the substance sought j for instance — 

Suppose that 15 c.c. of permanganate solution have been found 
to equal 0*1 gm. iron, it is required to reduce the 15 c.c. 
to decinormal strength, which would require 1000 c.c of per- 
manganate to every 5-6 gm. iron, therefore 5*6 ; 1000 : : 0*1 : a;= 
17-85 c.c. ; 17-85 xO-0056=0-09996 gm. iron, which is as near to 
0*1 gm. as can be required. Or the factor necessary to reduce 
the number of c.c. used may be found as follows : — 0-1 : 15 : : 

5*6 : aj = 84 cc, therefore, -q-j-=1-19. Consequently 1*19 is the 

factor by which to reduce the number of c.c. of that special 
permanganate used in any analysis to the decinormal strength, from 
whence the weight of substance sought may be found in the usual 
wav. 
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Another plan is to find the quantity of iron or oxalic acid repre- 
sented by the permanganate used in any given analysis, and this being 
done the following simple equation gives the required result : — 

Fe (56) eq. weight of the weight the weight of 

or : the substance : : of Fe or : substance 

(63) sought found sought 

In other words, if the equivalent weight of the substance analyzed 
be divided by 56 or 63 (the respective equivalent weights of iron or 
oxalic acid), a factor is obtained by which to multiply the weight 
of iron or oxalic acid, equal to the permanganate used, and the 
product is the weight of the substance analyzed. 

For example: sulphuretted hydrogen is the substance sought, 

the eq. weight of H'S corresponding to 2 eq. Fe is 17; let this 

17 
number therefore be divided by 56, —=0-3036, therefore, if the 

Do 

quantity of iron represented by the permanganate used in an 

estimation of H^S be multiplied by 0*3036, the product will be the 

weight of the sulphuretted hydrogen sought. 

Again : in the case of manganic peroxide whose equivalent weight 

is 43-4. 

^^=0-775 
56 

The weight of iron therefore found by permanganate in any analysis 
multiplied by the factor 0*775 will give the amount of manganic 
peroxide, MnO^ Again : if m gm. iron = U c.c. permanganate, 

then, 1 c.c. permanganate = ^ gm. metallic iron. 

The equivalents here given are on the hydrogen scale, in accordance 
with the normal system of solutions adopted ; and thus it is seen 
that two equivalents of iron are converted from the ferrous to the 
ferric state by the same quantity of oxygen as suffices to oxidize 
one equivalent of oxalic acid, sulphuretted hydrogen, or manganic 
peroxide. 

1 c.c. decinormal permanganate is e({uivalent.to 
0*0066 gm. Fe estimated in the ferrous state. 
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When possible the necessary feictors will be given in the tables 
preceding any leading substance. 



OHBOUIO AOID AKD FBBB0T7S OZIDB. 
Introdaotion. 

§ 34. FoTASSiG bichromate, which appears to have been first 
proposed by Penny, possesses the advantage over permanganate, 
that it is absolutely permanent in solution, may easily be obtained 
in a pure state, and its solution may be used in Mohr's burette 
without undergoing the change peculiar to permanganate : on the 
other hand, the end of the reaction in the estimation of iron can 
only be known by an external indicator ; that is to say, a drop of 
the mixture is brought in contact with a drop of solution of red 
potassic prussiate (freshly prepared) upon a white slab or plate. 
While the ferrous oxide is in tolerable excess, a rich blue colour 
occurs at the point of contact between the drops ; but as this excess 
continues to lessen by the addition of the bichromate, the blue 
becomes somewhat turbid, having first a green, then a grey, and 
lastly a brown shade. When the greenish-blue tint has all dis- 
appeared, the process is finished. This series of changes in the 
colour admits of tolerably sure reading of the burette, after some 
little practice is obtained. 

The reaction between chromic acid and ferrous oxide may be 
represented by the formula : — 

2CrO» + 6FeO=Cr*0»+3FeW. "^^ 

The decomposition takes place immediately, and at ordinary tem- 
peratures, in the presence of free sulphuric or hydrochloric acid. 
Nitric acid is of course inadmissible. 

The reduction of ferric compounds to the ferrous state may be 
accomplished by zinc,* sodic sulphite, or sulphurous acid as for 
permanganate ; or, instead of these, stannous chloride may be used, 
which acts very rapidly as a reducing agent upon ferric oxide, the 
yellow colour of the solution disappearing almost immediately. 

In the analysis of iron ores this method of reduction is service- 
able; the greatest care, however, is necessary that the stannous 
chloride is not present in excess, as this would consume the 
bichromate solution equally with the ferrous oxide, and so lead to 
false results. 

The discharge of the yellow colour of the iron solution may with 
care be made a very sure indication of the exact point of reduction. 
The concentrated hydrochloric solution of iron is heated to gentle 
boiling, and the moderately dilute tin solution added with a pipette, 

* When sine ia used, the tine (errioyaiiide aomewhat obeoures the critical point 
in testing with the indicator. 
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waiting a moment for each addition till the last traces of colour 
have disappeared ; the solution is then poured into a beaker, diluted 
with water, and titrated with the bichromate as usual. An extra 
security is obtained by adding a few drops of potassic sulphocyanide 
to the solution, the disappearance of the blood-red colour indicating 
that no more ferric oxide is present. 

In order to obviate the inaccuracy which would be produced by 
an excess of tin in the state of protosalt, Mohr recommends that 
chlorine water should be added by drops to the mixture, until a rod 
moistened with it and brought in contact with blue iodide of 
starch paper no longer removes the colour ; the excess of stannous 
chloride is then all converted into stannic chloride, and the titration 
with bichromate may proceed as usuaL 

It is absolutely necessary that the solution of potassic ferri- 
cyanide used as the indicator with bichromate, should be free from 
ferrocyanide ; and as a solution when kept for some long time 
becomes in some measure converted into the latter, it is best to 
use a freshly prepared liquid. 



1. Preparation of the Decinormal Solution of Bicliromate. 

4 '9 17 gm. per liter. 

The reaction which takes place between potassic bichromate and 
ferrous oxide is as follows : — 

6 FeO + Cr2K'0'=3 Fe«0»+Cr*0»+K«0 

It is therefore necessary that ^ eq. in grams should be used for the 
liter as a normal solution, and ^^ for the decinormal ; and as it is 
preferable on many accounts to use a dilute solution, the latter is 
the most convenient for general purposes. 

According to the latest and most reliable researches, the equivalent 
number of chromium is 52*4, and consequently that of potassic 
bichromate is 294*8 ; if, therefore, -^\ of this latter number=4-913 
gm. be dissolved in a liter of water, the decLuormal solution is 
obtained. On the grain system, 49 13 grains to 10,000 grains of 
water will give the same solution. 

1 C.C. of this solution is capable of yielding up -iu-j^(f c<i. in 
grams of oxygen, and is therefore equivalent to the ^d-Jo^ ecj. of 
any substance which takes up 1 ef^uivalcnt of oxygen. 

2. Solution of Stannous Oliloride. 

About 10 gm. of pure tin in thin pieces (not the commercial tin-foil 
containing lead) are put into a large platinum capsule, about 
200 c.c. strong hydrochloric acid poured over it, and heated till it is 
dissolved ; or it may be dissolved in a porcelain capsule or glass 
ilask, adding pieces of platinum foil to excite a galvanic current. 

II 



Digitized by VjOOQIC 



98 HANDBOOK OF § 35. 

The solution so obtained is diluted to about a liter with pure fresh 
distilled water, and preserved in the bottle (fig. 17) to which the 
air can only gain access through a strongly alkaline solution of 
pyrogallic acicL When kept in this manner, the strength will not 
alter materially in a month. If not so preserved, the solution varies 
considerably from day to day, and therefore should always be 
titrated before use as described in § 60.1. 

Examples of Iron Titration : 0*7 gm. of pure and dry ammoDio-ferrous 
sulphate^O'l gm. iron, was dissolved in about 2 oz. of water, and titrated with 
decinormal bichromate, of which 17'85 c.c. were required ; this multiplied by 
00392 gave 0*699 gm. instead of 0*7 gm. 

0*56 fpai. of iron wire required 99*8 c.c. =0*6588 gm. ; as it is impossible 
to obtain iron wire perfectly pure, the loss is undoubtedly owing to the 
impurities. 

If the bichromate solution should from any accidental cause be found not 
strictly of decinormal strength, the factor necessary for converting it must 
be found as previously described. 

As it is not at all an uncommon occurrence, in an analysis where 
no sign of the end of the reaction is visible in the solution itself, 
to overstep the exact pointy it is advisable to have some method of 
bringing it into order again; this may be accomplished in the 
present case by adding a definite quantity of the double iron salt to 
the mixture, titrating afresh, and deducting the proportional amount 
of bichromate from the total quantity required. 



IODINE AND SODIO HTPOSULPHITE (THIOSULPHATE). 
Introduction. 

§ 35. The principle of this now beautiful and exact method of 
analysis was first discovered byDupasquier, who used a solution 
of sulphurous acid instead of sodic hyposulphite. Bunsen im- 
proved his method considerably by ascertaining the sources of 
failure to which it was liable, which consisted in the use of a too 
concentrated solution of sulphurous acid; the reaction between 
iodine and very dilute sulphurous acid may be represented by the 
formula : — 

SO^ + r + 2H«0 = 2HI + H^SO*. 

If the sulphurous acid is more concentrated, i,e, above 0*04 per 
cent., in a short time the action is_ reversed, the irregularity of de- 
composition varying with the quantity of water present, and the 
rapidity with which the iodine is added. * Under proper regulation, 

* This irregularity is now obviated by the use of ammonic sesquicarbonate, or the 
bicu-bonates of soda or potash. M ohr finds that these salts added in moderate quantity 
to the liquid sulphurous add. or in the case of sulphites dissolving them in the 
alkaline solution previous to titration with iodine, entirely overcomes the difficulty 
hitherto found in concentrated solutions. Fleischer recommends borax for the 
same purx>08e. 
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therefore, we see that free iodine converts sulphurous into sul- 
phuric acid by decomposing water, the oxygen of which, goes to 
the sulphurous, and produces sulphuric acid ; the hydrogen being 
taken by the iodine, forming hydriodic acid. 

Sulphurous acid, however, very rapidly changes by keeping even 
in the most careful manner, and as it must be exceedingly dilute, it 
necessitates the use of special vessels and burettes. Taking these 
things into account, therefore, the substitution of sodic hyposulphite 
is a great advantage, inasmuch as the salt is easily obtained itl a 
j)ure state, and may be directly weighed for tlie standaitl solution. 
The reaction in the case of sodic hyposulphite is as follows ; — 

2Na^SV + 21 = 2NaI + Na=»SK)«, 

the result being that hyposulphurous acid takes oxygen from the 
water, with the production of tetrathionic and hydriodic acids in 
combination with soda. 

In order to aBcertain the end of the reaction in analysis by this 
method an indicator is necessary, and the most delicate and sensitive 
for the purpose is starch, which produces with the slightest trace of 
free iodine in cold solution the well-known blue iodide of starch. 
Hydriodic or mineral acids and iodides have no influence upon the 
colour. Caustic alkalies destroy it. 

The principle of this method, namely, the use of iodine as an 
indirect oxidizing body by its action upon the elements of water, 
forming hydriodic acid with the hydrogen, and liberating the oxygen 
in an active state, can be applied to the determination of a great 
variety of substances with extreme accuracy. 

Bodies which take up oxygen, and decolorize the iodine solution, 
such as sulphurous acid, sulphites, sulphuretted hydrogen, alkaline 
hyposulphites and arsenites, stannous chloride, &c., are brought 
into dilute solution, starch added, and the iodine delivered in 
with constant shaking or stirring until a point occurs at which 
a final drop of iodine colours the whole blue — a sign that the 
substance can take up no more iodine, and that the drop in excess 
has shown its characteristic eflect upon the starch. 

Free chlorine, or its active compounds, cannot, however, be 
titrated with hyposulphite directly, owing to the fact that, instead 
of tetrathionic acid being produced as with iodine, sulphuric acid 
occurs, as may be readily seen by testing with baric chloride. In 
such cases, therefore, the chlorine must be evolved from its com- 
pound and passed into an excess of solution of pure potassic iodide, 
where it at once liberates its equivalent of iodine, which can then, 
of coarse, be estimated with hyposulphite. 

All bodies which contain available oxygen, and which evolve 
chlorine when boiled with strong hydrochloric acid, such as the 
chromates, manganates, and all metallic peroxides, can be readily 
and most accurately estimated by this method. 

11 2 
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1. Preparation of the Becinormal Solution of Iodine. 
1=126-0 ; 12 -65 gm. per liter. 

Chemically pure iodine may be obtained by intimately mixing com- 
mercial iodine with about one-fourth of its weight of potassic iodide, 
and gently heating the mixture between two large watch-glaases or 
porcelain capsules ; tlie lower one being placed upon a heated iron 
plate, the iodine sublimes in brilliant plates, which are absolutely 
pure. The re-sublimed iodine of commerce is not always free from 
chlorine, it is therefore sometimes necessary to prepare it specially 
by a second sublimation as described above. 

The watch-glass or capsule containing the iodine is placed under 
the exsiccator to cool, and also to deprive it of any traces of watery 
1^ /^ vapour; then 19G fr gm. are accurately weighed, and together with 
' ' about 18 gm. of pure white potassic iodide (free from iodate) dis- 

solved in about 250 c.c. of water, and diluted to exactly one liter. 
The same solution may be obtained by dissolving 1265 grains of 
iodine, and 180 of potassic iodide, in 10,000 grains of water) in 
either case the solution is strictly decinormal. The flask must not 
be heated in order to promote solution, and care must be taken 
that iodine vapours are not lost in the ojieration. 

The solution is best preserved in stoppered bottles, kept in the 
dark, and which should be completely, filled; but under any 
circumstances it docs not hold its strength well for any length of 
time, and conseijuently should bo titrated before use in analysis. 

2. Becinormal Sodic Hyposulphite. 
Na-S'^0»,5H^O=248 ;=24-8 gm. per liter. 

As it is not difficult either to manufacture or procure pure sodic 
hyposulphite, this quantity, powdered and dried between blotting- 
paper, may be weighed directly, and dissolved in a liter of distilled 
water, and then titrated with the iodine solution and a little starch 
liquor : or the solution may be checked with ^^ bichromate as 
recommended by Mohr, by digesting an oxce;5s of bichromate, 
potassic iodide, and hydrochloric acid in the stoppered flask (fig. 25) 
or similar well-closed vessel. When the mixture has cooled, the 
liberated iodine is measured by the hyposulphite solution, and its 
power ascertained. If impure.hyposulphite should have been used, 
or the sample was not entirely free from accidental moisture, it 
will be necessary to find a factor by which to reduce it to deci- 
normal strength, as described for previous solutions ; or the amount 
of impurity being known, a fresh quantity may be prepared of 
proper strength. It is advisable to preserve the solution in the 
dark. After a time all solutions of hyposulphite undergo a slight 
amount of oxidation, and sulphur deposits upon the bottle ; it is 



Digitized by VjOOQIC 



§ oO. VOLUMETRIC ANALYSIS. 101 

therefore always better to examine it previous to use. Molir 
states that the tendency to deposit sulphur in the solution may be 
entirely obviated by adding to the j^ solution sesquicarbonate of 
ammonia, in the proportion of 2 grams to the liter ; this docs 
not in the least interfere with the colour produced with the starch 
indicator, llarcourt and Esson {Phil. Tnuis, [5] clvi. p. 205) 
state that a little caustic soda greatly increases the stability. 

Beside the decinonnal iodine and hyposulphite, it is convenient 
in some cases to use centinormal solutions, which can readily 
be prepared by diluting 100 c.c. of each dccinormal solution to 
1 liter. 

In using the iodine solution Mohr's burette may be employed, 
but care must be taken that the solution is not left in it for any 
length of time, as decomposition slowly takes place, and the tube 
becomes hard; Gay Lussac'e, or the tap burette, is on this 
account preferable. 



3. starch Indicator. 

One part of clean arrowroot, potato, wheat, or other starch, is first 
mixed smoothly with cold water into a thin paste, then gradually 
poured into about 150 or 200 times its weight of boiling water, 
the boiling continued for a minute, then allowed to stand and 
settle ; the clear liquor only is to be used as the indicator, of which 
a few drops only are necessary. The liquor may be preserved from 
decomposition for some time by adding to it about one per cent, 
of salicylic acid in crystal; this, however, is not so sensitive as 
the freshly prepared solution. 

Example of Titration : A crystal of pure 8odic hypoflialphite weighing 
0*684 gm. was dissolved in distilled water, starch added, and 27*2 c.c. of 
iodine solution of unknown strength required to produce the blue colour ; 
since the ^jf hyposulphite should contain 24'8 gm. per liter, the quantity of 
iodine solution, if rigidly decinormal, should be 

24-8 ; 1000 : : 0634 : x = 2556 c.c. ; 
but the quantity actually used was 27*2 c.c. ; the coefficient therefore is 

272 

Verification of Hypoeulphite Solution : Bichromate solution being very 
permanent, it is an exact and convenient agent for titrating the strength of 
a hyposulphite solution as follows : — 

Let a convenient quantity, say 20 c.c. of bichromate, be measured into a 
stoppered flask, adding solution of pure potassic iodide in sufficient excess to 
keep the liberated iodine in solution, then add about 6 c.c. of hydrochloric 
aoid, heat on the water bath, and shake together for a few minutes until the 
decomposition is complete ; when cold add starch, and titrate with hyposul- 
phite until colourless : the number of c.c. of bichromate divided by that of 
the hyposulphite will give the coefficient necessary for correcting the hypo- 
sulphite to -^jf strength. 
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§ 35a. 



ANALYSIS OF SUBSTANCES BT DISTILLATION WITH 
HTBBOOHLOBIG AOII). 

§ 35a. There are a great variety of substances containing oxygen, 
which when boiled with hydrochloric acid yield chlorine, equivalent 
to the whole or a part only of the oxygen they contain according 
to circumstances. Upon this fact are based the variety of analyses 
which may be accomplished by means of iodine and sodic hypo- 
sulphite ; the chlorine so evolved, however, is not itself estimated, 
but is conveyed by means of a suitable apparatus into a solution of 
potassic iodide, thereby liberating an equivalent quantity of iodine. 
Tliis latter body is then estimated by hyposulphite ; the quantity 
so found is, therefore, a measure of the oxygen existing in the 




Fig. 25. 

original substance, and consequently a measure of the substance 
itself. It seems a very roundabout method, and one would imagine 
it could scarcely lead to accurate results ; nevertheless, without 
exaggeration, it may bo said to be the most exact in the whole 
range of volumetric analysis, far outstripping any process of analysis 
by weight. 

The apparatus used for distilling the substances, and conveying 
the liberated chlorine into the alkaline iodide, may possess a variety 
of forms— the most serviceable, however, being the three kinds 
devised respectively byBunsen, Fresenius, and Mohr. 
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Bun sen's consists of a small flask to contain the mixture for 
distillation, connected by a stout piece of vulcanized tubing with a 
long bent tube, which is carried into the solution of iodide 
contained in an inverted retort, the neck of the latter having a 
tolerably large bulb blown midway, so that when the chlorine is 
all evolved from the mixture, and hydrochloric acid gas begins to 
distil, the rapid condensation which ensues may not cause the 
liquid to rush back to the flask, and so spoil the operation. This 
regurgitation is a great nuisance, and in order to prevent the 
entrance of the liquid into the bent tube, Buns en contrived a 




Fig.'26. 

little self-actiMBvalve, which consists of a very light glass bulb 
with a stalkjPRy like the large-headed ornamental pins used by 
ladies for^i^ir hair) ; this presents no hindrance to the evolution 
of the gas during the distillation, but when the liquid attempts to 
enter, the bulb is forced up to the end of the delivery tube, so as 
to close the entrance. A drawing of the entire apparatus may bo 
seen in most treatises on chemical analysis. 
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A far better preventive of this regurgitation is, however, suggested 
by Fresenius, and applicable to each kind of apparatus ; namely, 
the addition of a few pieces of pure magnesite (native magnesic 
carbonate). This substance dissolves but slowly in the hydrochloric 
acid, and so keeps up a constant flow of carbonic acid gas, whoso 
pressure is sufficient to prevent the return of the liquid. 

The apparatus contrived by Fresenius is shown in ^g, 25, and 
is exceedingly useful as an absorption apparatus for general purposes. 

Mohr's apparatus is shown in flg. 26, and is, on account of its 
simplicity of construction, very easy to usa 

The distilling flask is of about 2 oz. capacity, and is fitted with a 
cork soaked to saturation in melted paraffine ; through the cork the 
delivery tube containing one bulb passes, and is again passed through 
a common cork, fitted loosely in a stout tube about 12 or 13 inches 
long and 1 inch wide, closed at one end like a test tube. This tube 
containing the alkaline iodide, is placed in an ordinary hydrometer 
glass, about 12 inches high, and surrounded by cold water; the 
delivery tube is drawn out to a fine point, and reaches nearly to the 
bottom of the condenser. No support or clamp is necessary, as the 
tall hydrometer glass keeps everything in position. The substance 
to be distilled is put into the flask and covered with strong 
hydrochloric acid, the magnesite added, the condenser supplied 
with a suflicient quantity of iodide solution, and the apparatus 
put together tightly. Either an argand or common spirit lamp, 
or gas, may be used for heating the flask, but the flame must 
be manageable, so that the boiling can be regulated at pleasure. 
In the case of the common spirit lamp it may be held in the hand; 
and applied or withdrawn according to the necessities of the case ; 
the argand spirit or gas lamp can, of course, be regulated by the 
usual arrangements for the purpose. If the iodine liberated by the 
chlorine evolved should be more than will remain in solution, the 
cork of the condensing tube must be lifted, and more solution added. 
When the operation is judged to be at an end, the appai'atus is 
disconnected, and the delivery tube washed out into the iodide 
solution, which is then emptied into a beaker or flask and preserved 
for analysis, a little fresh iodide solution is put into the condenser, 
the apparatus again put together, and a second distillation com- 
menced, and continued for a minute or so. to collect every trace of 
free chlorine present. This second operation is only necessary as a 
safeguard in case the first should not have been complete. 

The solutions are then mixed together and titrated in the manner 
previously described. In all cases the solution must be cooled before 
adding the hyposulphite, otherwise sulphuric acid might be formed. 
Instead of the large test tube, some operators use a \J tube to 
contain the potassic iodide, having a bulb in each limb, but the 
latter is not necessary if magnesite is used. 

The solution of potassic iodide may conveniently be made of such 
a strength that ^\ eq. or 33*2 gui. are contained in the liter. One 
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cubic centimeter will then bo sufficient to absorb the (quantity of 
free iodine, representing 1 per cent, of oxygen in the substance 
analyzed, supposing it to be weighed in the metric system. In ex- 
amining peroxide of manganese, for instance, 0'436 gm. or 4*30 grn. 
would be used, and supposing the per-centage of peroxide to be about 
sixty, 60 C.C. or dm. of iodide solution would be sufficient to absorb 
the chlorine and keep in solution the iodine liberated by the process ; 
it is advisable, however, to have an excess of iodide, and, therefore, 
in this case, about 70 c.c. or dm. should be used. A solution of 
indefinite strength will answer as well, so long as enough is used to 
absorb all the iodine. It may sometimes happen that not enough 
iodide is present to keep all the liberated iodine in solution, in 
which case it will separate out in the solid form; more iodide, 
however, may be added to dissolve the iodine ; and the titration can 
then be made as usual 

The process of distillation above described may be avoided in 
many cases. There are a great number of substances which, by 
mere digestion with hydrochloric acid and potassic iodide at an 
elevated temperature, undergo decomposi- 
tion quite as completely as by distillation. 
For this purpose a strong bottle with a 
very accurately ground stopper is necessary ; 
and as the ordinary stoppered bottles of 
commerce are not sufficiently tight, it is 
better to re-grind the stopper with a little 
vemj fine emery and water. It must then 
be tested by tying the stopper tightly 
down and immersing in hot water ; if any 
bubbles of air find their way through the 
stopper the bottle is useless. The capa- 
city may vary from 1 to 5 or G oz., 
according to the necessities of the ctise. 

The stopper may be secured by fine copper binding-wire, or a 
kind of clamp contrived by Mohr may bo used, as shown in fig. 27 ; 
by means of the thumb-screws the i)rcssure upon the stopper may 
be increased to almost any extent. 

The substance to be examined, if in powder, is put into the 
bottle with pure flint pebbles or small garnets, so as to divide it 
better, and a sufficient quantity of saturaied solution of potassic 
iodide and pure hydrochloric acid added ; the stopper is then in- 
serted, fastened down, and the bottle suspended in a water bath, 
and the water is gradually heated to boiling by a gas flame or hot 
plate as may bo most convenient. When the decomposition is com- 
plete the bottle is removed, allowed to cool somewhat, then placed 
in cold water, and, after being shaken, emptied into a beaker, and 
the liquid diluted by the washings for titration. 

The salts of chloric, iodic, bromic, and chromic acids, together 
with many other compounds, may be as effectually decomposed by 




Fig. 27. 
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digestion as by distillation ; many of them even at ordinary tem- 
peratures. Recently precipitated oxides, or the natural oxides, 
when reduced to fine powder are readily dissolved and decomposed 
by very weak acid in the presence of potassic iodide (Pickering). 
The potassic iodide used in the various analyses must be abso- 
lutely free from potassic iodate and free iodine, or if otherwise, the 
effect of the impurity must be known by blank experiment 



ARSENIOUS ACID AND IODINE. 

Introduction. 

§ 36. The principle upon which this method of analysis is based 
is the fact, that when arsenious acid is brought in contact with iodine 
in the presence of water and free alkali, it is converted into arsenic 
acid, the reaction being — 

As20»+4I + 2]SVO=A8W+4XaI. 

The alkali must be in sufficient quantity to combine with the 
hydriodic acid set free, and it is necessary that it should exist in the 
state of carbonate, as caustic alkalies interfere with the colour of 
the blue iodide of starch used as indicator. 

If, therefore, a solution of arsenious acid containing starcli is 
titrated with a solution of iodine in the presence of sodic carbonate, 
the blue colour does not occur until all the arsenious acid is 
oxidized into arsenic acid. In like manner, a standard solution of 
arsenious acid may be used for the estimation of iodine or other 
bodies which possess the power of oxidizing it. 

The chief value, however, of this method is found in the estima- 
tion of free chlorine existing in the so-called chloride of lime, 
chlorine water, hypochlorites of lime, soda, &c., in solution ; gene- 
rally included under the term of chlorimetry. 



Preparation of the Decinormal Solution of Sodic Arsenite. 
As=^0»=198; 4-95 gm. per liter. 

The iodine solution is the same as described in § 35, containing 
12- 65 gm. per liter. 

The corresponding solution of sodic arsenite is prepared by dis- 
solving 4*95 gm. of the purest sublimed arsenious anhydride, free 
from sulphide, in about 250 c.c. of distilled water in a flask, with 
about 25 gm. of the purest crystallized sodic monocarbonate, free 
from sulphide, hyposulphite, or sulphite. It is necessary that the 
acid should be in powder, and the mixture needs boiling and 
shaking for some time in order to complete the solution ; when 
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this is accomplished the mixture is diluted somewhat, then made 
up to the liter. 

In order to test this solution, 10 c.c. are put into a beaker with 
a little starch liquor, and the iodine solution allowed to flow in 
from a burette, graduated in j^ cc, until the blue colour appears. 
If exactly 10 c,c. are required the solution is strictly decinormal ; il' 
otherwise, the necessary factor must be found for converting it to 
that strength. 

Starch-paper Indicator, — Starch liquor cannot be used for the 
direct estimation of free chlorine, consequently resort must be had 
to an external indicator ; and this is very conveniently found in 
starch-iodide paper, which is best prepared by mixing a portion 
of starch liquor with a few drops of solution of potassic iodide on a 
plate, and soaking strips of pure filtering paper therein. The paper 
so prepared is used in the damp state, and is far more sensitive 
than when dried. 

The Analytical Process : In all cases the chlorine to be estimated must 
exist in an alkaline solution. In the case of bleaching powder this is already 
accompliBbed by the caustic lime which invariably exists in the compound. 

The substance being brought under the burette containing the arsenious 
acid solution, the latter is suffered to flow until a drop of the mixture taken 
out with a glass rod and brought in contact with the prepared paper, no 
longer produces a blue spot. As the colour becomes gradually lighter 
towards the end of the process, it is not difficult to hit the exact point ; 
should it, however, by any accident be overstepped, starch liquor may be 
added to the mixture, and decinormal iodine solution added until the blue 
colour is produced ; the quantity so used is then deducted from the total 
arsenic solution. 

Examples of Titration : 50 c.c. of chlorine water were mixed with solution 
of sodio carbonate, and brought under the arsenic burette, and 20 c.c. of 
solution added ; on touching the prepared paper with the mixture no colour 
was produced, consequently the quantity used was too great ; starch liquor 
was therefore added, and decinormal iodine, of which 3*2 c.c. were required 
to produce the blue colour. This gave 16*8 cc. of arsenic solution, which 
multiplied by 0'00d587, gave 006942 gm. of CI in the 50 c.c. A second 
operation with the same water required 16*8 c.c. of arsenic solution direct, 
before the end of the reaction with iodized starch-paper was reached. 

The arsenic solution is equally as serviceable as hyposulphite for 
the general estimation of iodine, sulphuretted hydrogen, chromates, 
&C., by distillation with hydrochloric acid. 
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PART IV. 

ANALYSIS BY PKECIPITATION. 

INTRODUCTION. 

§ 37. The general principle of this method of determining the 
quantity of any given substance is alluded to in § 1, and in all 
instances is such that the body to be estimated forms an insoluble 
precipitate with a titrated re-agent. The end of the reaction is, 
however, determined in three ways. 

1. By adding the re-agent until no further precipitate occurs, as 
in the determination of chlorine by silver. 

2. By adding the re-agent in the presence of an indicator con- 
tained either in the liquid itself, or brought externally in contact 
with it, so that the slightest excess of the re-agent shall produce a 
characteristic reaction with the indicator ; as in the estimation of 
silver with salt by the aid of potassic chromate, or with sulphocyanato 
and ferric sulphate, or that of phosphoric acid with uranium by 
yellow potassic prussiato. 

3. By adding the re-agent to a clear solution, until a precipitate 
occurs, as in the estimation of cyanogen by silver. 

The first of these endings can only be applied with gi^eat accuracy 
to silver and chlorine estimations. Very few precipitates have the 
peculiar quality of chloride of silver; namely, almost perfect 
insolubility, and the tendency to curdle closely by shaking, so as to 
leave the menstruum clear. Some of the most insoluble precipitates, 
such as baric sulphate and calcic oxalate, are unfortunately excluded 
from this class, because their finely divided or powdery nature 
prevents their ready and perfect subsidence. 

In all these cases, therefore, it is necessary to find an indicator, 
which brings them into class 2. 

The third class comprises only two processes ; viz., the determina- 
tion of cyanogen by silver, and that of chlorine by mercuric nitrate. 

Since the estimation of chlorine by precipitation with silver, and 
that of silver by sulphocyanic acid, can be used in many cases for 
the indirect estimation of many other substances with great exactness, 
the preparation of the necessary standard solutions will now bo 
described. 

SILVER AND , CHLORINE. 
1. Deoinormal Solution of Silver. 

16-966 gm. AgNO' per liter. 

10-766 gm. of pure silver are dissolved in pure dilute nitric acid 
with gentle heat in a flask, into the neck of which a small funnel 
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is dropped to pi-eveut loss of liciuid by spirting. When solution is 
complete, the funnel must be washed inside and out with distilled 
water into the flask, and the liquid diluted to 1 liter ; or if it bo 
desired to use potassic chromate as indicator in any analysis, the 
solution must be neutral ; in which case the solution of silver in 
nitric acid is evaporated to dryness, and the residue dissolved in 
1 liter; or, what is preferable, 16*966 gm. of pure and dry 
recrystallized silver nitrate are dissolved in 1 liter of distilled water. 
If the grain system is used, 107*66 gm. of silver or 169*66 grn. 
of nitrate are dissolved, and the solution diluted to 10,000 grains. 



2. Decinormal Solution of Salt. 
5*837 gm. XaCl per liter. 

5*837 gm. of pure sodic chloride are dissolved in distilled water, 
and the solution made up to 1 liter, or 58*37 gm. to 10,000 grains. 
There are two methods by which the analysis may be ended — 

(a) By adding silver cautiously, and well shaking after each 
addition till no further precipitate is produced. For details see 
§50. 

(b) By using a few drops of solution of potassic chromate as 
indicator, as devised by Mohr. 

The method b is exceedingly serviceable, on tlie score of saving 
both time and trouble. The solutions must be absolutely free from 
acid or any great excess of alkali ; it is best to have them neutral. 
"When, therefore, acid is present in any solution to be examined, it 
should be neutralized with pure sodic or calcic carbonate in very 
slight excess. 

The Afudyiical Process : To the neutral or faintly alkaline solution, two or 
three drops of a cold saturated solution of yellow potaseic chromate free from 
chlorine are added, and the silver solution delivered from the burette until 
the last drop or two produce a faint blood-red tinge, an evidence that all the 
chlorine has entered into combination with the silver, and the slight excess has 
formed a precipitate of silver chromate ; the reaction is very delicate and 
easily distinguished. The colour reaction is even more easily seen by gas-light 
than by daylight. It may be rendered more delicate by adopting the plan 
suggested by I)uprd {Analyst , v. p. 123). A glass cell, about 1 centimeter 
in depth, is filled with water tinted wijth chromate to the same colour as the 
solution to be titrated. The operation is performed in a white porcelain 
basin. The faintest appearance of the red change is at once detected on 
looking through the coloured cell. For the analysis of waters weak in 
chlorine this method is very serviceable (see § 40). 

Example : 1 gm. of pure sodic chloride was dissolved in 100 c.c. of water, 
a few drops of chromate solution added, and titrated with ^^ silver, of which 
17*1 CO. were required to produce the red colour ; multiplied by the ,"0 
factor for sodic chloride =0005837 the result was 0-998 gm. NaCl, instead of 
Igm. 
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INDIRECT ESTIMATION OF AMMONIA, SODA, POTASH, 
LIME, AND OTHEB AXKALIBS AND ALKALINE EABTHS, 
WITH THEIR CARBONATES, NITRATES, AND CHLO- 
RATES, ALSO NITROQEN, fto., BY MEANS OF DECINORMAL 
SILVER SOLUTION, AND FOTASSIC CHROMATE, AS 
INDICATOR. 

1 c.c. -^Q- silver solution = xtJc^ ^^ ^^' ^^ ^^^ substance. 

§ 38. Menu, with his characteristic ingenuity, has made use of 
the delicate reaction between chlorine and silver, with potassic 
chromatc as indicator, for the determination of the bodies men- 
tioned above. All compounds capable of being converted into 
neutral chlorides by evaporation to dryness with hydrochloric acid 
may be determined with great accuracy. The chlorine in a com- 
bined state is, of course, the only substance actually determined ; 
but as the laws of chemical combination are exact and well known, 
the measure of chlorine is also the measure of the base with which 
it is combined. 

In most cases it is only necessary to slightly supersaturate the 
alkali, or its carbonate, with pure hydrochloric acid ; evaporate on 
the water bath to dryness, and heat for a time to 1 20° C. in the air 
bath, then dissolve to a given measure, and take a portion for 
titration. 

Alkalies and Alkaline Earths with organic acids are ignited to 
convert them into carbonates, then treated with hydrochloric acid, 
and evaporated as before described. 

Carbonic Acid in combination may be determined by precipita- 
tion with baric chloride, as in § 27. The washed precipitate is 
dissolved on the filter with hydrochloric acid (covering it with a 
watch-glass to prevent loss), and then evaporated to dryness. In 
order to titrate with accuracy by the help of potassic chromate, the 
baryta must be precipitated by means of a solution of pure sodic or 
potassic sulphate, added in slight excess; the precipitated baric 
sulphate does not interfere with the delicacy of the reaction. If 
this precaution were not taken, the yellow baric chromate would 
mislead. 

Free Carbonic Acid is collected by means of ammonia and baric 
chloride (as in § 27), and the estimation completed as in the case of 
combined CC*. 

Chlorates are converted into chlorides by ignition, then titrated 
with -j^ silver and chromate. 

Nitrates are evaporated with concentrated hydrochloric acid, and 
the resulting chlorides titrated, as in the previous case. 
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Kltro^n. The ammonia evolved from guano, manures, oilcakes, 
and sundry other substances, when burned with soda lime in Will 
and Varrentrapp's apparatus, is conducted through dilute hydro- 
chloric acid ; the liquid is carefully evaporated to dryness before 
titration. 

In all cases the operator will, of course, take care that no chlorine 
from extraneous sources but the hydrochloric acid is present ; or if 
it exists in the bodies themselves as an impurity, its quantity must 
be first determined. 

Example: 0'25 gm. pure sodic carbonate was dissolved in water, and 
hydrochloric acid added till in excess ; it was then dried on the water bath 
till no further vapours of acid were evolved ; the resulting white mass was 
heated for a few minutes to about 120° C, dissolved and made up to 300 c.c. 
100 o.c. required 16*7 c.c. VV silver, this multiplied by 3 gave 47*1 cc, which 
multiplied by the /tj factor for sodic carbonate =00053, gave 024963 gm. 
instead of 0*25 gm. 

Indirect Estimation of Potash and Soda ezistiner as Mixed 
CMorides. It is a problem of frequent occurrence to determine the 
relative quantities of potash and soda existing in mixtures of the 
two alkalies — such as occur, for instance, in urine, manures, soils, 
waters, &c. The actual separation of potash from soda by means 
of platinum is tedious, and not always satisfactory. 

The following method of calculation is frequently convenient, 
since a careful estimation of the chlorine present in the mixture is 
the only labour required; and this can most readily bo accom- 
plished by j^ silver and potassic chromate, as previously described. 

(1) The weight of the mixed pure chlorides is accurately found and noted. 

(2) The chlorides are then dissolved in water, and very carefully titrated 
with /V silver and chromate for the amount of chlorine present, which is 
also recorded ; the calculation is then as follows :— ^ 

The weight of chlorine is multiplied by the factor 2103 ; from the product 
so obtained is deducted the weight of the mixed salts found in 1. The re- 
mainder multiplied hy 3*6288 will give the weight of sodic chloride present in 
the mixture. 

The weight of sodic chloride deducted from the total as found in 1 will 
give the weight of potassic chloride. 

Sodic chloride x 05302 = Soda (Na^O). 
Potassic chloride x 06317 = Potash (K^O). 

The principle of the calculation, which is based on the atomic constitution 
of the individual chlorides, is explained in most of the standard works on 
general analysis. It is necessary, however, to bear in mind that this method 
of calculation can only be relied on when the two bases exist in about equal 
quantities, or at least not less than one part of one to two of the other. 

Another method of calculation in the case of mixed potassic and 
sodic chlorides is as follows : — 

The weight of the mixture is first ascertained and noted; the chlorine is 
then found by titration with yV silver, and calculated to NaCl ; the weight 
to obtained is deducted from the original weight of the mixture, and the 
remainder multiplied by 2*42857 will give potassium E. 
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It is a remarkable fact that the coefficient required for calculating 
a certain compound from the weight of two bases is the same, 
whatever the bases may be, provided that but one acid be present 
in combination with the two bases, and that the salt having the 
smaller atomic weight be determined by titration (Fleischer). 



SILVER AND SULPHOCTANIC (THIOCYANIC) ACID. 
Introduction. 

§ 39. This process has been devised by Volhard and is fully- 
described by the author (Liebig's A7in, d. Chem, cxc. p. 1), and 
has been favourably noticed by Falck {Z, a, 0. xiv. p. 227), 
Briigelmann {Z, a. C. xvi. p. 7), and Drechsel (Z. a. C, xvi. 
p. 351). It differs from Mohr's chromate method in that the 
silver solutions may contain free nitric acid, without interfering 
with the accuracy of results. 

The process can be used for the estimation of silver in the 
presence of copper up to 70 per cent. ; also in presence of antimony, 
arsenic, iron, zinc, manganese, lead, cadmium, bismuth, and also 
cobalt and nickel, unless the proportion of these latter metals is 
such as to interfere by intensity of colour. 

It can further be used for the indirect estimation of chlorine, 
bromine, and iodine, in presence of each other, existing either in 
minerals or in organic compounds, and for coppef and zinc ; these 
will be noticed under their respective heads. 

1. Decinormal ^jnmonic Sulphocyanate. 

This solution cannot be prepared by weighing the sulphocyanate 
direct, owing to the deliquescent nature of the »alt ; but, supposing 
it could be weighed, the quantity would be 7*6 gm. per liter; 
therefore, about 8 gm. of the purified crystals may be dissolved in 
about a liter of water as a basis for getting an exact solution, which 
must be finally adjusted by a correct decinormal silver solution. 

The standard solution so prepared remains of the same strength 
for a very long period if preserved from evaporation. 

2. Decinormal Silver Solution. 

This is the same as described in the preceding section, and may 
contain free nitric acid if made direct from metallic silver. 

3. Ferric Indicator. 

This may consist simply of a saturated solution of ferric ammonia 
or potash alum ; or may be made by oxidizing ferrous sulphate with 
nitric acid, evaporating with excess of sulphuric acid to dissipate 



Digitized by VjOOQIC 



§ 40. VOLUMETRIC ANALYSIS. 113 

nitrous fumes, and dissolving the residue in water so that the 
strength is about 10 per cent. 

6 C.C. of either of these solutions are used for each titration, which 
must always take place at ordinary temperatures. 



4. Pure Nitric Acid. 

It is necessary that the acid used in this method be free from the 

lower oxides of nitrogen, which may be secured by diluting the 

usual pure acid with about a fourth part of water, and boiling 

till perfectly colourless. It should then bo preserved in the 

* dark. 

The quantity of nitric acid used in the titration may vary within 
wide limits, and seems to have no effect upon the precision of the 
method. 

The Analytical Process for Silver : 50 c.c. of f 5 silver solution are 
placed into a flask, dilated somewhat with water and 5 o.c. of ferric indicator 
added, together with about 10 c.c. of nitric acid. If the iron solution should 
cause a yellow colour, the nitric acid will remove it. The sulphocyanat^ is 
then delivered in from a burette; at first a white precipitate is produced 
rendering the fluid of a milky appearance, and as each drop of sulphocyanate 
falls in, it produces a reddish-brown cloud which quickly disappears on shaking. 
As the pomt of saturation approaches, the precipitate becomes flooculent and 
settles easily ; finally, a drop or two of sulphocyanate product a faint brown 
colour which no longer disappears on shaking. If the solutioq^ are correctly 
balanced, eicactly 50 c.c. of sulphocyanate should be required to produce 
this effect. 

The colour is best seen by holding the flask so as to catch the reflected 
light of a white wall. 



PBEOISIOK IN COLOtJB REACTIONS. 

§ 40. Dupr£ adopts the following ingenious method for colour 
titrations {Analyst, v. p. 123) : — As is well known, the change 
from pale yellcnv to red, in the titration of chlorides by means of 
silver nitrate with neutral chromate as indicator, is more distinctly 
perceived by gas-light than by daylight ; and in the case of potable 
waters, containing from one to two grains of chlorine per gallon, it 
is generally considered advisable to concentrate by evaporation 
previous to titration, or else to perform the titration by gas-light 
The adoption of the following simple plan enables the operator to 
perceive the change of colour as sharply, and with as great a 
certainty, by daylight as by gas-light. 

The water is placed into a white porcelain dish (100 c.c. are a 
useful quantity), a moderate amount of neutral chromate is added 
(suflScient to impart a marked yellow colour to the water), but 
instead of looking at the water directly, a fiat glass cell containing 
some of the neutral chromate solution is interposed between the 
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eye and the dish. The effect of this is to neutialize the yellow 
tint of the water ; or, in other words, if the concentration of the 
solution in the ceU is even moderately fairly adjusted to the depth 
of tint imparted to the water, the appearance of the latter, looked 
at through the cell, is the same as if the dish were filled with pure 
water. If now the standard silver solution is run in, still looking 
through the cell, the first faint appearance of a red colouration 
becomes strikingly manifest; and what is more, when once the 
correct point has been reached the eye is never left in doubt, how- 
ever long we may be looking at the water. A check experiment 
in which the water, with just a slight deficiency of silver, or excess 
of chloride, is used for comparison is therefore unnecessary. The 
plan is useful chiefly with very dilute solutions, say in waters con- 
taining one or two grains of chlorine per gallon, and obviates the 
concentration of the water prior to titration. 

• A similar plan will be found useful in other titrations. Thus, 
in the case of turmeric, the change from yellow to bro\Tn is per- 
ceived more sharply and with greater certainty when looking 
through a flat cdl containing tincture of turmeric of suitable 
concentration than with the naked eye. The liquid to be titrated 
• should, as in the former case, be placed into a white porcelain dish. 
Again, in estimating the amount of carbonate of lime in a water 
by means of decinormal sulphuric acid and cochineal, the exact 
point of neutrality can be more sharply fixed by looking through 
the cell filled with a cochineal solution. In this case the following 
plan is found to answer best The water to be tested — about 
250 C.C. — ^is placed into a flat porcelain evaporating dish, part of 
which is covered over with a white porcelain plate. The water is 
now tinted with cochineal as usual, and the sulphuric acid run in, 
the operator looking at the dish through the cell containing the 
neutial cochineal solution. At first the tint of the water and the 
tint in which the porcelain plate is seen are widely different ; as, 
however, the carbonate becomes gradually neutralized, the two 
tints approach each other more and more, and when neutrality is 
reached they appear identical ; assuming that the strength of the 
cochineal solution in the cell, and the amount of this solution 
added to the water, have been fairly well matched. Working in 
this manner it is not difficult (taking ^ liter of water) to come 
within O'l c.c. of decinormal acid in two successive experiments, 
and the difference need never exceed 0*2 c.c. In the ceU employed 
the two glass plates are a little less than half an inch apart. 

A somewhat similar plan may be found useful in other titrations, 
or, in fact, in many operations depending on the perceptions of 
colour change. 
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THE OOLOBIMETEB. 

§ 41. Several methods of analysis by colour titration are given 
in the following pages, and therefore it is only appropriate that any 
convenient instrument which may facilitate these methods should 
be described. 

Several varieties of form have been devised by operators, but 
the principle is the same; and as Dr. Mills has given some con- 
siderable attention to the subject, and his instrument has found 
acceptance with chemists generally, the following details are given. 

Mills's detached colorimeter is made in two pieces, alike in 
every respect ; one of these is represented in the subjoined figure. 
It consists of a stout glass tube having a broad flat foot, and 
graduated into 100 equal parts; its capacity is about 120 c.c. 
On the top of this is a loosely fitting brass cap, 
prolonged downwards so as to cover and shade 
the surface of the liquid, thereby preventing 
the appearance of a dark meniscus. The surface 
of the liquid is only visible sideways through 
the little aperture cut out for that purpose. 
The cap is perforated centrally : and a short 
tube rises from the perforation. This tube is 
soldered laterally to a narrower one, and this 
again to a small block, from which rises a spring 
carrying another small block. The narrower 
tube has, cemented into it> a glass tube, 
which passes straight downwards, and reappears 
below the flat surface of the cap, its end amply 
clearing that surface. This tube is coned out- 
wards at its upper extremity, but is left plain 
below. Through it there passes, with just 
suJQ&cient room to move, a rod, bent below 
twice at right angles, so as to carry a flat circular 
opal glass disk, to which it is attached by 
fusion. These disks are turned in the lathe : 
their surfaces should be polished free jfrom 
scratches, and their edges show no bevel The 
rod is prevented from falling by the easy 
pressure of a little half-tube, carried by the small 
block. When the thumb and forefinger are 
lightly pressed on each side of the cap, the rod 
can be readily moved up and down, and will 
then stay in any position in which it may have 
been left It is convenient to cone outwards the half-tube at both 
its ends ; but only traces of liquid ever reach this spot. 

The instrument has two accessories which are of considerable 
service. These consist (1) of a pair of glass disks, lying at the 

i2 




Fig. 28 
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bottom of the tube, one having a suitable red, the other a green 
colour j there is thus obtained a black ground, on which the opal disk 
is always seen through the upper opening. An annulus of deeper tint 
than a given observed colour would otherwise surround the opal disk, 
and tend to confuse the determination. It is an advantage at times to 
use other colours, and even to cover the opal disk with a plate of 
coloured glass. The other accessory is (2) a black hemispherical 
button. This lies loosely on the opal disk, as shown in the 
figure. It is used in the estimation of turbidities {i.e, precipitates) 
by lowering it until its point just disappears. 

In taking readings, the position of the flat surface with regard 
to the scale is always the object to be ascertained ; and this can be 
done, as is the case with Erdmann's floaty so as entirely to avoid 
parallax. The level of the liquid's surface is afterwards taken; 
and the difference between the two readings is the depth required ; 
but if the button be used, the height of the button must be sub- 
tracted from that difference. 

It is, of course, obvious that any upwai-d or downward movement 
of the rod must alter somewhat the level of the surface of the 
liquid. For small variations thus produced (as, for example, by a 
depi^ession of two or three divisions) no correction need be made. 
For larger variations a factor is easily found by experiment j it is 
probably the same in every specimen of the instrument, viz., nearly 
001 5 division for every division the rod is moved. This correction 
is perhaps rather better than direct reading. 

The colorimeter has been of late years more extensively used 
than formerly ; but it would probably be much more widely em- 
ployed if its service were better understood. Thus, for example, a 
red liquid like a solution of magenta is admirably suited for colori- 
metric measurementi it having a tint to which the eye readily 
adapts itself. *0n the other hand, it is rare to find any one who 
can accurately estimate yellow. Something thus depends on the 
eye, And on the employment of the same eye. It must also be 
borne in mind that very few liquids will stand a dilution of over 
20 per cent, without undergoing chemical change. Thus, a very 
weak solution of magenta differs in actual colour from a strong one. 
Hence it is obviously necessary to use the first determination as a 
mere approximation ; and, on that as a basis, to alter the strengths 
of the standard and trial liquid to equality. A second determina- 
tion is now made, and a still closer approximation obtained by its 
means. This process being repeated until there is only a difference 
of a division or two between the two liquids. 

The second approximation will in general be found sufiBciently 
exact. All dilutions should, as far as possible, have the same age. 
With regard to the standard tint selected, the operator has in this 
colorimeter the means of varying his standard to any extent by 
shifting one opal disk ; he can thus work at the particular depth of 
tint which he finds most suitable to his own eye. Steady accuracy 
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in any particular measurement can generally be obtained by at most 
a few dEiys' practice. 

Turbidities. — ^A black or coloured disk, lowered through a turbid 
liquid, eventually vanishes, and the depth at which disappearance 
takes place is a measure of the amount of turbidity present 
In this way, for example, it is easy to estimate the amount of water 
added to milk. It is obvious, however, that this method admits of 
quantitative extension to all sorts of precipitates, provided we can 
find a suitable medium to ensure their suspension as a turbidity, 
and not in the aggregated state, during a suitable time. 

The suspensory liquid consists of 100 gm. of gelatine, 100 gm. 
at most of glacial acetic acid, and 1 gm. of salicylic acid, dissolved 
in a liter of distilled water ; this is clarified with a little white of 
^gg^ and filtered hot. It remains permanently liquid in the cold, 
and does not putrefy. It may, if desired, be charged with any 
special re-agent (baric chloride for instance); a volume of the 
mixture can then be added to a volume of a very weak standard 
sulphate, and also to a volume of sulphate of unknown strength ; 
by depressing the black buttons, the colorimeters determine the 
relation between the two. The reacting bodies should in such 
cases be the same ; thus, hydric sulphate should not be compared 
against potassic sulphate. The key to success in colorimetry is, in 
fact» equality of condition. 

If the precipitant should be alkaline, or an alkaline carbonate, 
the gelatine solution should first be neutralized, and then mixed 
with more alkali or carbonate. Such solutions as aqueous magnesic 
chloride and zinc sulphate can then be added, the whole instantly 
well shaken, and the result compared with a standard effect in the 
other tube. 

Lime can be determined by adding ammonia and ammonic oxalate 
to the suspensory liquid, and then a weak solution of calcic salt. 

There is probably no substance incapable of suspension for more 
than half an hour — a period sufficient for thirty comparisons ; and 
most precipitates will refuse to fall for hours, sometimes for days, 
together. Traces of argentic chloride will remain unprecipitated in 
this liquid for months. The operator has therefore only to select 
such a strength of standard precipitate as shall give him not too 
great an amount to suspend, and an opacity equal to about fifty 
scale-divisions. If the substance precipitated should be soluble in 
the solution of gelatine, that solution should be saturated, before 
use, with the precipitate in question. 

The colorimeter is an instrument admirably adapted for use in 
comparatively unskilled hands, and especially in those industrial 
analyses where one class of product is constantly tested by a single 
pei8($n. 
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Directiona for X7se. 

1. Clear Iil(iaicU.~The two ooloared disks are put in fint. The cap is 
then placed on one of the tubes, and the piston pushed down as far as it will 
go, the little window being over the sosle. A clear coloured solution of 
known strength is poured in through the brass tube at the top, until the 
mark 100 is exactly reached. The tube is then placed on a table, preferably 
behind a ground-glass window, and the piston moved to a position such that, 
on looking down at it with one eje, the visible depth of tint is easy to 
remember. The other tube is similarly filled with the solution of unknown 
strength, and placed beside the first; its piston is raised until, when observed 
with the same eye, the depth of tint in both tubes appears to be the same. 
This depth is taken by subtracting the scale-reading ojpposite the piston's 
top from ^e reading at the level of the surface of the liquid. The relative 
strengths of the liquids are inversely as the depths. Thus the standard 
being 60, and containing 2 per cent., the other solution reads 75 ; its strength 
was therefore 75 : 50 : : 2% : 1*33%. It is well to work with different 
depths of the standard tint^ and tike the mean of the results. If the 
strengths differ by more than 10 per cent, they should be adjusted by dilu- 
tion to less, and re-determined. 

2. Turbid Liquida.— Milks are examined by diluting them 100 times, 
and comparing them with a milk of known strength, equally diluted. The 
comparison is made by lowering a black button through the liquid, until its 
rounded top just disappears. The calculation is made as above. Gdourless 
metallic solutions are examined by precipitating them with some suitable 
re-agent, and shaking with an equal volume of a 10-per*cent. acetic solution 
of gelatine ; the turbid liquid thus made is compared with a similar prepara- 
tion of known strength, by lowering the black buttons. 
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PAET V. 

APPLICATION OF THE FOREGOING PEINCIPLES OF 

ANALYSIS TO SPECLAL SUBSTANCES. 

ANTiMOinr. 

Sbs=122. 

1. GonTeralon of Antimonioiifl Aoid in Alkaline Solution into 
Antimonic Aoid by lodino (Xohr). 

§ 42. Antuconious oxide, or any of its compounds^ is brought 
into solution as tartrate by tartaric acid and water ; the excess of 
acid neutralized by sodic carbonate ; then a cold saturated solution 
of sodic bicarbonate added, in the proportion of 20 c.c. to about 
0*1 gm. Sb'Cj to the clear solution starch liquor and /^ iodine 
are added until the blue colour occurs. The colour disappears after 
a little time, therefore the first appearance of a permanent blue is 
accepted as the true measure of iodine required. 



1 C.C. 1^ iodinessO'OOei gm. Sb. 



8. Oxidation by PotaMic Bichromate or Permanganate (Xeeeler). 

Bichromate or permanganate added to a solution of antimonious 
chloride, containing not less than ^ of its volume of hydrochloric 
acid (sp. gr. 1*12) converts it into antimonic chloride. 

The reaction is uniform only when the minimum quantity of acid 
indicated above is present, but it ought not to exceed ^ the volume, 
and the precautions before given as to the action of hydrochloric 
acid on permanganate must be taken intg account, hence it is 
preferable to use bichromate. 

Kessler {Poggend. Anndl, cxviii. p. 17^ has carefully experimented 
upon this method and adopts the following processes. 

A standard solution of arsenious acid is prepared containing 5 gm. 
of the pure acid, dissolved by the aid' of sodic hydrate, neutralized 
with hydrochloric acid, 100 c.c. concentrated hydrochloric acid 
added, then diluted with water to 1 liter ; each c.c. of this solution 
contains 0*005 gm. As^O', and represents exactly 0*007374 gUL 
SVO». 

Solutions of potassic bichromate and ferrous sulphate of known 
strength in relation to each other, are prepared in the usual way ; 
and a freshly prepared solution of potassic ferricyanide used as 
indicator. 
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The relation between the bichromate and arsenious solution is 
found by measuring 10 c.c. of the latter into a beaker, 20 c.c. 
hydrochloric acid of sp. gr. 1-12, and from 80 to 100 c.c. of water 
(to insure uniformity of action the volume of HCl must never be 
less than J or more than J) ; the bichromate solution is then added 
in excess, the mixture allowed to react for a few minutes, and the 
ferrous solution added until the indicator shows the blue colour. To 
make the exact point more closely, ^ or 1 c.c. bichromate solution 
may be added, and again iron, until the precise ending is obtained 

The AnaUftical Process with Antimony : The material, free from organic 
matter, organic acids, or heavy metals, is dissolved in the proper proportion 
of hydroohlorio acid, and titrated precisely as just described for the arsenious 
solution; the strength of the bichromate solution having been found in 
relation to A^Q^ the calculation as respects Sb^ presents no difficulty. 
Where direct titration is not possible the same course may be adopted as with 
arsenic (§ 43.2) ; namely, precipitation with H^S and digestion with mercuric 
chloride. 

In the case of using permanganate it is equally necessary to have 
the same proportion of HCl present in the mixture, and the 
standard solution must be added till the rose colour is permanent. 
The permanganate may be safely used with \ the volume of HCl 
at ordinary temperatures, and as the double tartrate of antimony 
and potassium can readily be obtained pure, and the organic acid 
exercises no disturbing effect in the titration, it is a convenient 
material upon which to standardize the solution. 



3. Diatillation of Antimonious or Antixnonic Sulphide with 
Hydrocliloric Acid, and Titration of the evolved Sulphuretted 
Hydrogen (Schneider). 

When either of the sulphides of antimony are heated with 
hydrochloric acid in Bunsen's, Fresenius', or Mohr*8 distilling 
apparatus (§ 35a.), for every 1 eq. of antimony present as sulphide, 
3 eq. of H*S are liberated. If, thei-efore, the latter be estimated, 
the quantity of antimony is ascertained. The process is best con- 
ducted as follows : — 

The antimony to be determined is brought into the form of ter- or penta- 
sulphide (if precipitated from a hydrochloric solution, tartaric acid must be 
previously added to prevent the precipitate being contaminated with chloride), 
which, together with the filter containing it, is put into the distilling flask 
with a tolerable quantity of hydrochloric acid not too concentrated. The 
absorption tube contains a mixture of caustic soda or potash, with a definite 
quantity of ^ arsenious acid solution (§ 36) in sufficient excess to retain all 
the sulphuretted hydrogen evolved. The flask is then heated to boiling, and 
the operation continued till all evolution of sulphuretted hydrogen has ceased ; 
the mixture is then poured into a beaker, and acidified with hydrochloric 
acid, to precipitate all the arsenious sulphide. The whole is then diluted to, 
say 300 CO., and 100 0.0. t^keu with a pipette, neutralized with sodio carbonate, 
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some bicarbonate added, and the titration for ezoets of araenioui acid 
performed with ^^ iodine and starch, as directed in § 36. The separation of 
antimony may generally be insured by precipitation as sulphide. If arsenic 
is precipitated at the same time, it may be removed by treatment with 
ammonic carbonate. 



ABsssno. 

A8=75. A8*0"=198. 

1. Oxidation by Iodine (Kohr). 

§ 43. The principle upon which the determiuation of arsenious 
acid by iodine is based is explained in § 36. 

Experience has shown, that in liie estimation of arsenioos 
compounds by the method there described, it is necessary to use 
sodic bicarbonate for rendering the solution alkaline in preference 
to the neutral carbonate, as there is less chance of the iodine being 
affected by the bicarbonate than by the neutral salt. 

To a neutral or watery solution, therefore, it is best to add about 20 or 
25 o.c. of saturated sdution of pure bicarbonate to every O'l gm. or so of 
AsK)", and then titrate with -?, iodine and starch. When the solution is 
acid, the excess may be removed oy neutral sodic carbonate, then the necessary 
quantity of bicarbonate added, and the titration completed as before. 

1 C.C. ^Q iodine=0-00495 gm. As'O*. 

Titration of Commercial Arsenates. — ^The valuation of alkaline 
arsenates used in cotton printing and dyeing may be very readily 
and accurately made by the following method devised by J. Barnes, 
late student at Owens College. 

About 1'5 to 2 gm. of the arsenate are dissolved in about 100 c.c. of water, 
and a stream of well-washed SO' passed into the liquid to complete saturation. 
Some pieces of broken ignited pumice or glass are then placed in the liquid to 
prevent bumping, and the contents of the flask or beaker are boiled until 
the smell of sulphurous gas has entirely disappeared; the liquid is then 
cooled and diluted to 500 c.c. ^ 

50 C.C. are then removed, mixed with 25 c.c. of saturated sodic bicarbonate 
and starch, then titrated with ^ iodine, each c.c. of which represents 
0-00575 gm. AsW. 

Commercial bin-arsenate of soda sometimes contains from 1 to 5 
per cent, of As'O' : this may of course be estimated with iodine 
previous to reduction with SO^. 



2. Oxidation by Potaasio Bichromate ( K easier ). 

This method is exactly the same as is fully described in § 42 for antimony. 

The arsenious compound is mixed with ^^ bichromate in excess in presence 
of hydrochloric acid and water, in such proportion that at least ^ of the total 
volume consists of hydrochloric acid (sp. gr. 1*12). 
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The ezoMa of biohronutte is found by a stondiupd solution of pure iron, or of 
double iron salt, with pota«io ferricyanide as indicator ; the quantity of 
biohromate reduced is, of course, the measure of the quantity of arsenious oon« 
verted into arsenic acid. 

1 CO. '^Q bichromate=0-00495 gm. As^O". 

In cases where the direct titration of the hydrochloric acid solution cannot 
be accomplished, the arsenious aoid is precipitated with H^ (with arsenates 
at 70*'G.)i the precipitate well washed, the filter and the precipitate placed in 
a stoppered flask, together with a saturated solution of mercuric cluoride in 
hydrochloric acid of 1*12 sp. gr., and digested at a gentle heat until the 
precipitate is white, then water added in such proportion that not less than 
} of the volume of liquid consists of concentrated hydrochloric aoid; 
^ bidhromate is then added, and the titration with standard ferrous solution 
completed as usual. 



8. Indirect Estimation by Distilling with Ohromio and Hydro- 
clilorio Adds (Bunsen). 

The principle of this very exact method depends npon the fact, 
that when potassic bichromate is boiled with concentrated hydro- 
chloric acid, chlorine is liberated in the proportion of 3 eq. to 1 eq. 
chromic acid (see § 52.2). 

I£^ however, arsenious acid is present, but not in excess, the 
chlorine evolved is not in the proportion mentioned above, but so 
much less as is necessaiy to convert the arsenious into arsenic acid. 

As'O" + 4C1 + 2H»0 = As»0» + 4HC1. 

Therefore every 4 eq. of chlorine, short of the quantity yielded 
when bichromate and hydrochloric acid are distilled alone, represent 
1 eq. arsenious acid. The operation is conducted in the apparatus 
fig. 25 or 26. 

4. By Preoipltation as Uranio Arsenate (Bodeker). 

The arsenic must exist in the state of arsenic acid ( As^^), and the*prooes8 
is in all respects the same as for the estimation of phosphoric acid, aevised 
by Neubauer, Pincus, and myself (§ 69). The strength of the uranium 
solution may be ascertained and fixed by pure sodio or potassic arsenate, or 
by means of a weighed quantity of pure arsenious aoid converted into arsenic 
acid by boiling with strong nitric acid. The method of testing is precisely 
the same as with phosphoric aoid ; that is to say, the solution of uranium 
used for FH)* will suffice, and if its exact strength as regards that body be 
known, a slight calculation will show the quantity to be used for arsenio 
acid; but it is, nevertheless, preferable to titrate it upon a weighed amount 
of arsenical compound, bearing in mind here, as in the case of FH)^ that 
the titration must take place under preciselv similar conditions as to quantity 
of liquid, the amount of sodio acetate and acetic acid added, and the depth 
of colour obtained by contact of the fluid under titration with the s^ellow 
prussiate solution (see § 69). 

The precipitate of uranic arsenate possesses the composidon — 

2Ur«(y,Afl«0»=566. 
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The solution of arsenic acid must of course be free from metals 
liable to give a colour with the indicator. Alkalies, alkaline earths, 
and zinc are of no consequence, but it is advisable to add nearly 
the required volume of uranium to the liquid before heating. 

The arsenic acid must be separated from all bases which would 
yield compounds insoluble in weak acetic acid. 

In poisoning cases the arsenetted hydrogen evolved from 
Marsh's apparatus may be passed into fuming HNO', evaporated 
to dryness, the arsenic acid dissolved in water (antimony if present 
is insoluble), then titrated cautiously with uranium in presence of 
free acetic acid and sodic acetate as above described. 



5. Ab Tribydride with SUver Hltrate. 

Houzeau (Cemtpf. rend. Izxv. 1823) makes use of the reaction 
between arsenic or antimony (existing in combination with hydro- 
gen) and silver nitrate, and applies it especially to the estimation 
of small quantities of these metals in cases of poisoning, &ci 

The gas generated in Marsh's apparatus, and consisting of 
arsenic, or antimony, or both, in combination with hydrogen, is 
passed into a weak standard solution of silver nitrate ; and when 
the precipitation is complete the excess of silver is found by 
standard sodic chloride. 

Ag = 0-11574 As or 0-1867 Sb. 

Of course it is necessary to insure the conversion of all the metal 
into the form of trihydride, and to eliminate the whole of the gas 
£rom the apparatus, a matter of some difficulty. Arsenic may 
generally be separated as sulphide, which may be dissolved in 
ammonic carbonate ; the sulphur removed by slight excess of silver 
nitrate, and the silver by hydrochloric acid. The arsenic will then 
exist in the arsenious form ready for titration with iodine and 
bicarbonate of alkali. 



BA&HTIK. 

Ba = 136-8. 

§ 44. In a great number of instances the estimation of barium 
is simply the converse of the process for sulphuric acid (§ 73), 
using either a standard solution of sulphuric acid or a neutral 
sulpha^ in a known excess, and finding the amount by residual 
titration. 

When barium can be separated as carbonate, the estimation is 
made as in § 17. 
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Precipitation as Bario Ohromate. 

Direct Titration mth Potasaic Bichromate. — A decinormal 
solution of bichromate for precipitation purposes must differ from 
that used for oxidation purposes. In the present case the solution 
is made by dissolving 737 gm. of pure potassic bichromate, and 
diluting to 1 liter. 

The barium compound which may contain alkalies, mi^esia» strontia, 
and lime, is diaaolved in a good quantity of water, ammonia free from car- 
bonate added, heated to 60"* or 70°, and the standard bichromate added 
cautiously, with shaking, so long as the yellow precipitate of baric ohromate 
is formed, and until the clear supernatant liquid possesses a faint yellow 
colour. 

1 c.c. f^ solution ==0*00684 gm. Ba. 

Titration of the Precipitate with Permanganate : In this case the pre- 
cipitate of budc ohromate is well washed, transferred to a jQask, and mixed 
with an excess of double iron salt; the amount of iron oxidized by the 
chromic acid is then estimated by titration with permanganate ; the quantity 
of iron changed to the ferric state multiplied by the factor 0'8187=Ba. 



BISKTJTH. 
Bi==210. 

§ 45. The estimation of this metal or its compounds volumet- 
rically has occupied the attention of Pattinson Muir, to whom 
we are indebted for several methods of gaining this end. Two of 
the best are given here, namely, (1) precipitation of the metal as basic 
oxalate, and titration with permanganate; (2) precipitation as 
phosphate with excess of standard sodic phosphate, and titration of 
that excess by standard uranic acetate. 

1. Titration as Oxalate. 

Normal bismuth oxalate, produced by adding excess of oxalic 
acid to a nitric solution of the metd, possesses the formula 
Bi'0'3C'0* + aq. This precipitate, when separated by filtration, and 
boiled with successive quantities of water for three or four times, is 
transformed into basic oxalate, Bi'O'SC'O* + aq. The method of 
titration is as follows : — 

The solution containing bismuth must be free from hydrochloric acid, as 
the basic oxalate is readily soluble in that acid. A large excess of nitric 
acid must also be avoided. Oxalic acid must be added in considerable 
excess. If the precipitate be thoroughly shaken up with the liquid,' and the 
vessel be then set aside, the precipitate quickly settles, and the supernatant 
liquid may be poured off through a filter in a very short time. If the pre- 
cipitate be boiled for five or ten minutes with successive quantities of about 
50 c.c. of water, it is quickly transformed into the basic salt. So soon as the 
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supernatant liquid ceases to show an acid reaction, the transformation is 
complete. It is well to employ a solution of permanganate so dilute, that at 
least 50 c.c. are required for the titration (^^ strength suffices). The basic 
oxalate may be dissolyed in dilute sulphuric acid in place of hydrochloric ; 
it is more soluble, however, in tne latter acid ; if the solution contains but 
little hydrochloric acid, there is no danger of chlorine being evolved during 
the process of titration. 

In applying this process to the estimation of bismuth in solution contain- 
ing other metals, it is necessary, if the solution contain substances capable 
of acting upon, or of being acted on by perman&;anate, to separate the 
bismuth from the ether metals present. This is easuy done by precipitating 
in a partially neutralized solution with much warm water and a little 
ammonic chloride. The precipitate must be dissolved in nitric acid, and the 
liquid boiled down once or twice with addition of the same acid in order to 
expel all hydrochloric acid, before precipitating as oxalate. The liquid 
should contain just sufficient nitric acid to prevent precipitation of the basic 
nitrate before oxalic acid is added. 1 molecule oxalic acid corresponds to 
1 atom bismuth, or 126=210. 



2. Precipitation as Phosphate. 

The necessary standard solutions are 

(a) Standard sodic phosphate containing 35 8 gm. per liter. 
1 c.c.=0-0071 gm. F0». 

(b) Standard uranic ^acetate, corresponding volume for volume 
with the above, when titrated with an approximately equal amount 
of sodic acetate and free acetic acid. 

Success depends very much upon identity of conditions, as is 
explained in § 69. 

The bismuth to be estimated must be' dissolved in nitric acid ; bases other 
than the alkalies and alkaline earths must be absent. The absence of those 
acids which interfere with the determination of phosphoric acid by the 
uranium process (non-volatile, and reducing organic acids, sulphuretted 
hydrogen, hydriodic acid, &c.) must be assured. As bismuth is readily 
separated from other metals, with the exception of antimony and tin, by 
addition of much warm water and a little ammonic chloride to feebly acid 
solutions, a separation of the bismuth from those other metals which are 
present should precede the process of estimation. If alkalies or alkaline 
earths be alone present, the separation may be dispensed with. The pre- 
cipitated bismuth salt is to be washed, dissolved in a little strong nitric acid, 
and the solution boiled down twice with addition of a little more nitric acid, 
in order to remove the whole of the hydrochloric acid present. 

Such a quantity of a tolerably concentrated solution of sodic acetate is 
added as shall insure the neutralization of the nitric acid, and therefore the 
presence in the liquid of free acetic acid. If a precipitate form, a further 
addition of sodic acetate must be made. The liquid is heated to boiling ; a 
measured volume of the sodic phosphate solution is run in ; the boiling is 
continued for a few minutes ; the liquid is passed through a ribbed filter, 
the precipitate being washed repeatedly with hot water ; and excess of phoe- 

Shoric acid is determined in the filtrate by titration with uranium. If the 
Itered liquid be received in a measuring flask, which is subsequently filled 
to tiie mark with water, and if the inverted uranium method be then 
employed, the results are exceedingly accurate. This method is especially to 
be recommended in the estimation of somewhat large quantities of bismuth. 
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since it is possible that in such cases a large amount of sodio acetate will 
have been used^ which, as is well known, has a considerable disturbing effect 
on the reaction of the indicator. 

If the bismuth solution contain a large excess of nitric acid, it is better 
to neutralize nearly with sodic carbonate before adding sodic acetate and 
titrating. 

Fuller details of both the above processes are contained in J". C, S. 
for 1877 (p. 674) and 1878 (p. 70). 



BBOKIKE. 

Br=80. 

§ 46. This element, or its unoxidized compounds, can be esti- 
mated precisely in the same way as chlorine by /^ sUver solution 
(§ 37), or alkalimetrically as in § 29, or by sulphocyanate (§ 39), but 
these methods are seldom of any avail, since the absence of chlorine 
or its combinations is a necessary condition of accuracy. 

Bromine in aqueous solution, or as gas, may be estimated by 
absorption with solution of potassic iodide, in many cases by mere 
digestion, and in other cases by distillation, in any of the forms of 
apparatus given in § 35, and the operation is carried out precisely 
as for chlorine (§ 50). 1 eq. 1=1 eq. Br. or I found x 0-63=Br. 

A process for the estimation of bromine in presence of chlorine 
is still much wanted in the case of examining kelp liquors, &c, 
Heine (Jotim, /. pract Chem. xxxvi. p. 184) uses a colorimetric 
method in which the bromine is liberated by free chlorine, absorbed 
by ether, and the colour compared with an ethereal solution of bromine 
of known strength. F eh ling states that with care the process 
gives fairly accurate results. It is of course necessary to have an 
approximate knowledge of the amount of bromine present in any 
given solution. 

Keimann {Annal d. Chem, u. Pharm, cxv. p. 140) adopts the 
following method, which gives tolerably accurate results; but 
requires skill and practice. 

The neutral bromine solution is placed in a stoppered vessel 
together with a globule of chloroform about the size of a hazel-nut. 
Chlorine water of known strength is then added cautiously from 
a burette, protected from bright light, in such a way as to insure 
first the liberation of the bromine, which colours the chloroform 
orange yellow ; then more chlorine water, until the yellowish white 
colour of chloride of bromine occurs (ELBr 4- 2C1=KC1 -f-BrCl). 

The operation may be assisted by making a weak solution of 
potassic chromate, of the same colour as a solution of chloride of 
bromine in chloroform, to serve as a standard of comparison. 

The strength of the chlorine water is ascertained by potassic 
iodide and ^^ hyposulphite. 2 eq. Cl=l eq. Br. 
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In examining motheivliquoTS containing organic matter, they 
mnst be evaporated to dryness in presence of free alkali, ignited, 
extracted with water; then neutralized with hydrochloric acid 
before titrating as above. 



0ADKIX7K. 

Cd=lll'6. 

§ 47. This metal may be estimated, as is the case with many 
others, by precipitation as sulphide, and decomposing the sulphide 
with a ferric salt, the iron being reduced to the ferrous state in 
proportion to the amount of sulphide present. 

In the case of cadmium Follenius has found, that when pre- 
cipitated as sulphide in acid liquids, the precipitate is apt to bo ^ 
contaminated with salts of cadmium pther than sulphide to a / 
small extent. The separation as sulphide is best made by passing 
H'S into the hot liquid which contains the cadmium, and which 
should be acidified with 10 per cent of concentrated sulphuric acid 
by volume. From hydrochloric acid solutions the metal is only 
completely separated by H^S when the hot solution contains not 
more than 5 per cent, of acid of sp. gr. I'll, or 14 per cent, if the 
liquid is cold. 

Ferric chloride is to be preferred for the decomposition of the 
cadmium sulphide, and the titration is carried out precisely as in 
the case of zinc (§ 78.2). 

Cadmium may also be estimated, when existing as sulphate or 
nitrate, by precipitation as oxalate, and titration of the washed 
precipitate by permanganate. The details are carried out precisely 
as iu the case of estimating zinc as oxalate (§ 78). 



CAL0IX7H. 

Ca=40. 

1 C.C. j^- permanganate =0*0028 gm. CaO 

=0-0050 gm. CaCO* 
=0-0086 gm. CaSO^ + 2H»0 
„ normal oxalic acid =0*0280 gm. CaO 

Cryst. oxalic acid x 0*444 =CaO 

Double iron salt x 007143=CaO 

§ 48. Thb estimation of lime alkalimetrically has already been 
given (§ 17), but that method is of limited application, unless calcic 
oxalate, in which form lime is generally separated from other bases, 
be converted into carbonate or caustic lime by ignition, and thus 
determined with normal nitric acid and alkali. This and the 
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following method by Hempel, areas exact in their results as the 
determination of lime by weight; and where a series of estima- 
tions have to be made, the method is very convenient. 



Titration with Permanffanate. 

The readiness with which lime can be separated as oxalate 
facilitates the use of this method, so that it can be applied success- 
fully in a great variety of instances. It is not necessary here to 
enter into detail as to the method of precipitation ; except to say, 
that it may occur in either ammoniacal or weak acetic acid solution; 
and that it is absolutely necessary to remove all excess of ammonic 
oxalate from the precipitate, by washing with warm water previous 
to titration. 

When the clean precipitate is obtained, a hole is made in the filter, and 
the bulk of the precipitate is washed through the funnel into a flask ; the 
filter is then treated with small quantities of hot ^ute hydrochloric acid, 
and again washed into the flask. Hydrochloric acid in moderate quantity 
may be safely used for the solution of the oxalate, «inoe there is not the 
danger of liberating free chlorine which exists in the case of iron (Fleischer, 
Titrirmethode, p. 76). 

When the precipitate is completely dissolved, the solution is freely diluted 
with water, and further acidified with sulphuric acid, warmed to 70"* or 80% 
and the standard permanganate cautiously delivered into the liquid with 
constant agitation until a faint permanent pink tinge occurs, precisely as in 
the case of standardizing permanganate with oxalic acid (§ 81.2 e). 

In all cases where a clean oxalate precipitate can be obtained, 
such as mineral waters, manures, &c., very exact results are obtain- 
able; in fact, quite as accurate as by the gravimetric method. 
Ample testimony on this point is given by Fresenius, Mohr, 
Hempel, and others. 

Tucker {Iron, Nov. 16, 1878) has given the results of many 
experiments made by him upon mixtures of lime with abnormsd 
proportions of iron, magnesia, alumina, &c. ; and even here the 
numbers obtained did not vary more than 2 to 3 per cent, from the 
truth. In the case of large proportions of these substances it will 
be preferable to re-precipitate the oxalate, so as to free it from 
adhering contaminations previous to titration. 

Tucker recommends the method for the rapid estimation of lime 
in furnace slags, etc., by dissolving in aqua regia, without filtering, 
precipitating with ammonic oxalate, and then filtering, washing 
well, and titrating as usual. If the slag contain much manganese 
or iron it should first be removed by bromine, etc. 

Indirect Titration, — In the case of lime salts soluble in water and 
of tolerably pure nature, the estimation by permanganate can be 
made by adding to the solution a measured excess of normal oxalic 
acid, neutralizing with ammonia in slight excess, and heating to 
boiling, so as to rapidly separate the precipitate. The mixture is 
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then cooled, diluted to a lueasured volume, filtered through a dry 
filter, and an aliquot portion titrated with permanganate after 
acidifying with sulphuric acid as usual. A great variety of calcium 
salts may be converted in the foim of oxalate by short or long 
treatment with oxalic acid or ammonic oxalate, including calcic 
sulphate, phosphate tartrate and citrate, etc. 



CEBITJM. 

Cc=Ul-2. 

§ 49. The most exact method of estimating this metal is by 
precipitation as cerous oxalate, then drying the precipitate, and 
strongly igniting in an open crucible, so as to convert it into eerie 
oxide. 

Stolba {Z, a C. xix. p. 194) &tates that the moist oxalate may 
be titrated precisely as in the case of calcic oxalate with permanganate, 
and with accurate ix^sults. Ko examples or details, however, are 
given. 

CHLORINE. 

Cl=35-37, 

1 CO. or 1 dm. ^\ silver solution=0003537 gm. ur 0-03537 gni. 

of Chlorine. 
;, „ =0-005837 gm. or 0-05837 gm. 

of Sodic chloride. 

§ 50. The powerful affinity existing between clilorine and silver 
in solution, and the ready precipitation of the resulting chloride, 
seem to have led to the earliest important volumetric process in 
existence, viz., the assay of silver by the wet method of Gay 
Lussac. The details of the process are more particularly described 
under the article relating to the assay of silver (§ 70) ; the deter- 
mination of chlorine is just the converse of the process there 
described, and the same precautions, and to a certain extent the 
same apparatus, are required. 

The solutions required, however, are systematic, and for exactness 
and convenient dilution are of decinormal strength, as described in 
§ 37. In many cases it is advisable to possess also centinormal 
solutions, made by diluting 100 c.c. of /^ solution to 1 liter. 

1. Direct Precipitation with ^ Silver. 

Very weak solutions of chlorides, such as drinking waters, are not easily 
examined for chlorine by direct precipitation, unless they are considerably 
concentrated by evaporation previous to treatment, owing to the fact that, 
unless a tolerable quantity of chloride can be formed, it will not collect 
together and separate so as to leave the liquid clear enough to tell on the 
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addition of fresh silver whether a distinct formation of chloride occurs. 
The best effects are produced when the mixture contains chlorine equal to 
from 11 to 2 gm. of nilt per 100 c.c. Should the proportion be much less 
than this, the difficulty of precipitation may be overcome by adding a 
quantity of freshly precipitated chloride, made by mixing equal volumes of 
j^ salt and silver solution, shaking vigorously, pouring off ttie clear liquid, 
and adding the chloride to the mixture under titration. The best vessel to 
use for the trial is a well-stoppered round white bottle, holding 100 to 150 
c.c. and fitting into a paper case, so as to prevent access of strong light 
during the analysis. Supposing, for instance, a neutnd solution of potassic 
chloride requires titration, 20 or 30 c.c. are measured into the shaking 
bottle, a few drops of strong nitric acid added (free acid must always be 
present in direct precipitation), and a round number of c.c. of silver solution 
added from the burette. The bottle is placed in its case, or may be enveloped 
in a dark cloth and vigorously shaken for half a minute, then uncovered, 
and gently tapped upon a table or book, so as to start the chloride downward 
from the surfooe of the liquid where it often swims. A quick clarification 
indicates excess of silver. The nearer the point of exact counterbalance the 
more difficult to obtain a clear solution'by shaking, but a little practice soon 
accustoms the eye to distinguish the faintest precipitate. 

In case of overstepping the balance in any trial, it is only 
neccssai-y to add to the liquid under titration a definite volume of 
i'^^ salt solution, and finish the titration in the same Ii([uid, 
deducting, of course, the same number of c.c. of silver as has been 
added of salt solution. 

Fuller details and precautions are given in % 70. 

N 
2, Precipitation by fQ Silver in Neutral Solution with Obromate 

Indicator (aee § 87, 2 b). 

3. Titration with f^ Sulphocyanate. 

This method requires some little practice to ensure accurate 
results, owing to the fact that silver chloride slowly decomposes 
silver sulphocyanate. 

In cases where the amount of chlorine is approximately known, the 
material is dissolved in 300 c.c. or so of water; 6 c.c. of ferric indicator 
(§ 39. 3) and 10 c.c. of nitric acid (§ 39. 4) are added; then ^ silver in 
moderate excess delivered in from the burette with constant agitation. The 
flask is then brought under the sulphocyanate burette, and the solution 
delivered in with a constant gentle movement of the liquid until a permanent 
light-brown colour appears. The immediate mixing of the solutions is 
necessary in order to prevent the solvent effect of the concentrated sulpho- 
cyanate. 

If the amount of chlorine is totally unknown, the method of 
procedure is as follows ; — 

Dilute the solution and add the indicator and acid as above ; but during 
the addition of the silver solution, add from a burette, ready filled with 
sulphocyanate, a drop or two from time to time. So long aa there is chlorine 
present the dark red colour disappears slowly and gradually ; but when the 
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colour produced by a fresh drop goes off at once on agitation, and the liquid 
appears of a pure milk white, the silver will be in excess. The titration is then 
completed as above. The volume of sulphocyanate used, including the 
amount used during the addition of the silver, deducted from the ^ silver, 
will show the volume of the latter necessary for precipitating the chlorine 
present. 



4. By DlBtillation and aubaeauent Titration with Hyposulphite. 

In cases where chlorine is evolved dii-ect in the gaseous form or 
as the representative of some other body (see § 35a), a very admirable 
absorption apparatus is shown in fig. 29. The little flask a is used 




Fig. 20. 

as the distilling vessel, connected with the bulb tubes by an india- 
rubber joint ; the stoppera for the tubes are also of the same 
material, the whole of which should be cleansed from sulphur by 
boiling in weak alkali. A fragment of solid magnesite may with 
advantage be added to the acid liquid in the distilling flask ; in 
all other respects tlio process is conducted exactly as is described 
in § 35a. 

This apparatus is equally well adapted to the absorption of 
ammonia or other gases, and possesses the gre^t recommendation 
that there is scarcely a possibility of regurgitation. 

K 2 
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CHLORINE aAS AND BLEACHINQ C0MP0X7NDS. 

1 c.c. I'Q arsenious or hyposulphite solution =0-003537 gm. CI. 
1 liter of chlorine at 0°C., and 0*76 m.ni., weighs 3*17 gm. 

§ 50a. Chlorine water may be titrated with hyposulphite by 
adding a measured quantity of it to a solution of potassic iodide, 
then delivering the hyposulphite from a burette till the colour 
of the free iodine has disappeared ; or by using an excess of the 
reducing agent, then starch, and titrating residuaJly with ^^ iodine. 
When arsenious solution is used for titration, the chlorine water is 
delivered into a solution of sodic carbonate, excess of arsenic 
added, then starch and ^-^ iodine till the colour appears, or the 
iodized starch-paper may be used (§ 36). 



Bleaohiner Powder. 

The chief substance of importance among the compounds of 
hypochlorous acid is the so-called chloride of lime, used in very 
large quantities for bleaching purposes. The estimation of the free 
chlorine contained in it presents no difficulty when arsenious 
solution is used for titration. 

Commercial bleaching powder consists of a mixture in variable 
proportions of calcic hypochlorite (the true bleaching agent), calcic 
chloride, and hydrate ; and in some cases the preparation contains 
considerable quantities of chlorate, due to imperfect manufacture. 
In such cases Bun sen's method of analysis gives inaccurate 
results, the chlorate being recorded as a bleaching agent, whereas 
it is not so. It is generally valued and sold in this country by its 
per-centage of chlorine. In France it is sold by degrees calculated 
from the volume of gaseous chlorine : 100** French =3 1-78 per cent. 
English. 

1. Titration by Arsenious Solution. 

The first thing to be done in determining the value of a sample 
of bleaching powder is to bring it into solution, which is best 
managed as foUows ; — 

The sample is well and quickly mixed, and 10 gm. weighed, put 
into a mortar, a little water added, and the mixture rubbed to a 
smooth cream ; more water is then stirred in with the pestle, 
allowed to settle a little while, then poured off into a liter flask ; the 
sediment again rubbed with water, poured off, and so on repeatedly, 
until the whole of the chloride has been conveyed into the flask 
without loss, and the mortar washed quite clean. The flask is then 
filled to the mark with water, well shaken, and 100 c.c. of the 
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milky liquid taken out with a pipette, emptied into a beaker, and 
the ,\ arsenious solution delivered in from a burette until a drop 
of the mixture taken out with a glass rod, and brought in contact 
with the prepared starch-paper (§ 36) gives no blue stain. 

The starch paper may be dispensed with by adding arsenious 
solution in excess, then starch liquor, and titrating residually with 
-yjy iodine till the blue colour appears. The number of c c. of arsenic 
used, multiplied by the factor 0003537 will give the per-centage of 
chlorine. 

Example : 100 CO. of chloride of lime liquid prepared as above directed 
were put into a beaker, and 86 o.c. of arsenious solution added, then starch 
liquor and 1*5 o.c. of -j^ iodine to produce the blue colour =84*5 o.c. of 
arsenious solution, which multiplied by 0*008537 gave 0*2999 ; and as 1 gm. 
of the sample was contained in the 100 c.c, 29*99 per cent, of chlorine. 

Another 100 o.c. were carefully titrated with arsenious solution by the aid 
of iodized starch-paper. 84*5 c.c. were required, also equal to 29*99 per cent . 
Some operators recommend that the mixture of chloride of lime and water 
should be allowed to stand Hill clear, and the clear liquid only used for 
titration; but this invariably gives lower results than when the milky 
mixture is used. 

By weighing 3*55 gm. of the sample, and diluting to 1 liter, 
then taking 100 c.c. for titration, the number of c.c. of arsenious 
solution required will be the per-centage of chlorine direct. 

A more rapid method can be adopted in cases where a series of 
samples has to be tested, as follows : — 4*95 gm. of pure arsenious 
acid are finely powdered and dissolved by the aid of a gentle heat in 
about 15 c.c. of glycerine, then diluted with water to 1 liter; 25 c.c. 
are measured into a flask and 1 c.c. of indigo solution added. The 
turbid solution of bleaching powder is poured into a suitable 
burette, and before it has time to settle is delivered with constant 
shaking into the blue arsenious solution until the colour is just 
discharged ; the per-centage of chlorine is then found by a slight 
calculation. 

2. Bunsen's Method. 

10 or 20 c.c. of the chloride of lime solution, prepared as above, 
are measured into a beaker, and an excess of solution of potassic 
iodide added ; the mixture is then diluted somewhat, acidified with 
hydrochloric acid, and the liberated iodine titrated with j^ hypo- 
sulphite and starch : 1 eq. iodine so found represents 1 eq. chlorine. 

This is an exceedingly ready method of estimating chlorine, but 
in cases were calcic chlorate is present, it records the chlorine in 
it, as well as, that existing as hypochlorite; but as the chlorate is 
of no value in bleaching, it is always preferable to analyze bleaching 
powder by means of arsenious solution. The amount of chlorate can 
always be found by taking the difference between the two methods. 
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CHLORATES, lODATES, AND BBOUATES. 

Chloric anbydride, CPO'^= 150-74. Iodic anhydride, rO"=333. 
Broniic anhydride, Br*0' = 239-5. 

§ 51. The compounds of chloric, iodic, and bromic anhydrides 
may all be determined by distillation or digestion with excess of 
hydrochloric acid; with chlorates the quantity of acid must be 
considerably in excess. 

In each case 1 eq. of the respective anhydrides taken as mono- 
basic, or their compounds, liberates 6 eq. of chlorine, and conse- 
([uently 6 eq. of iodine when decomposed in the digestion flask. 
In the case of distiUation, however, iodic and bromic acids only 
set free 4 eq. iodine, while iodous and bromous chlorides remain iu 
the retort. In both these cases digestion is preferable to distillation. 

Example : 0*2043 gm. pure potassic chlorate, equal to the sixth part of 
loiirv eq., was decomposed by digestion with potassio iodide and strong 
bydrochloric acid in the bottle shown in fig. 27. After the reaction was 
complete, and the bottle cold, the stopper was removed, and the contents 
washed out into a beaker, starch added, and 103 c.c. ^j^ hyposulphite delivered 
in from the burette ; then again 28*2 c.c. of ^'^ iodine solution, to reproduce 
the blue colour ; this latter was therefore equal to 2'82 c.c. ^\ iodine, which 
deducted from the 103 c.c. hyposulphite gave 100*68 c.c, which multiplied 
by the factor 0-002043, gave 2056 gm. instead of 0-2043 gm. 



CHROMIUM. 







Cr-52-4. 






Factors. 


Metallic iron 


X 


0-3123 = Chromium 


?> 


X 


0-5981 = Chromic acid 


}} 


X 


0-8784 = Potassic bichromate 


if 


X 


1 -926 = Lead chromate 


Double iron salt 


X 


0446 = Chromium 


)) 


X 


00854 = Chromic acid 


)i 


X 


01 255 = Potassic bichromate 


)> 


X 


0-275 = Lead chromate 


1 c.c. '1^ solution 


— 


0003349 gm. CrO> 


J} >» 


= 


00492 gm. K-'Cr'O' 



1. Reduction by Iron. 

§ 52. The estimation of chromates is very simply and success- 
fully performed by the aid of ferrous sulphate, being the converse 
of tlic process devised l)y Penny for the estimation of iron 
(«cc § 34). 
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The best plan of procedure is as follows : — 

A very small beaker or other convenient vessel is partly or wholly filled, as 
may be requisite, with perfectly dry and granular double sulphate of iron and 
ammonia ; the exact weight then taken and noted. The chromium com- 
pound is brought into solution, not too dilute, acidified with sulphuric acid, 
and small quantities of the iron salt added from time to time with a dry spoon 
taking care that none is spilled, until the mixture becomes green, and the 
iron is in excess, best known by a small drop being brought in contact with a 
drop of red prussiate of potash on a white plate ; if a blue colour appears at 
the point of contact, the iron is in excess. It is necessary to estimate this 
excess, which is most conveniently done by ^^ bichromate being added until the 
blue colour produced by contact with the red prussiate disappears. The vessel 
containing the iron salt is again weighed, the loss noted ; the quantity of 
the salt represented by the ^^ bichromate deducted from it, and the remain- 
der multiplied by the factor required by the substance sought. A standard 
solution of iron salt may be used in place of the dry salt. 

Example : 0*6 gm. pure potassic bichromate was taken for analysis, and to 
its acid solution 4-15 gm. double iron salt added. 3*3 c.c. of ^j^ bichromate 
were required to oxidize the excess of iron salt ; it was found that 0'7 gm. of 
the salt= 17*85 c.c. bichromate solution, consequently 3'8 c.c. of the latter 
were equal to 0*12965 gm. iron salt; this deducted from the quantity 
originally used left 4*02015 gm., which multiplied by the factor 0*1265 gave 
0*504 gm. instead of 0*5 gm. 

In the case of lead chromate being estimated in this way, it is 
best to mix both the chromate and the iron salt together in a 
mortar, rubbing them to powder, adding hydrochloric acid, stirring 
well together, then diluting with water and titrating as before. 
Where pure double iron salt is not at hand, a solution of iron wire 
in sulphuric acid, freshly made and of ascertained strength, can of 
course be used. 



2. Estimation of CliTomates by Distillation with Hydrochlorio 
Aoid ( B u n s e n , results very aoourate) . 

When chroraates are boiled with an excess of strong hydrochloric 
acid in Fresenius', Bunsen's, or Mohr's distilling apparatus 
(fig. 25 or 26), every 1 eq. of chromic acid liberates 3 eq. chlorine. 
For instance, with potassic bichromate the reaction may be expressed 
as follows — 

K^Cr^O' + 14HC1=2KC1 + Cr'CP + 7H-0 + 6C1. 

If the liberated chlorine is conducted into a solution of potassic 
iodide^ 3 eq. of iodine are set free, and can be estimated by ~ 
hyposulphite, as in § 35. 3 eq. of iodine so obtained =3 79 5 
represent 1 eq. chromic acids=100"40. The same decomposition 
takes place by mere digestion, as described in § 35a. 
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3. Chrome Iron Ore. 

This material is of great commercial importance, as being the 
source of potassic bichromate. 

The ore varies considerably in quality, some samples being very 
rich, while others are very poor, in chromium. lu all cases the 
sample is to be first of all brought into very fine powder. About a 
gram is rubbed tolerably fine in a steel mortar, then finished 
fractionally in an agate mortar. 

Chris tomanos recommends that the coarse powder should be 
ignited for a short time on platinum previous to powdering with 
the agate mortar ; after that it should be sifted through the finest 
material that can be used, and the coarser particles returned to the 
mortar for re- grinding. 

Previous to analysis it should be again ignited, and the analysis 
made on the dry sample. 

(a) O'Neill's Process.— The very finely powdered ore is fused with ten 
times its weight of potassic bisulphate for twenty minutes, taking care that 
it does not rise over the edge of the platinum crucible ; when the fusion is 
complete, the molten mass is caused to flow over the sides of the crucible, 
so as to prevent the formation of a solid lump, and the crucible set aside to 
cool. The mass is then transferred to a porcelain dish, and lixiviated with 
warm water until entirely dissolved (no black residue must occur, otherwise 
the ore is not completely decomposed) ; sodio carbonate is then added to the 
liquid until it is strongly alkfdlne ; it is then brought on a filter, washed 
slightly, and the filter dried. When perfectly dry, the precipitate is detached 
from the filter as much as possible ; the filter burned separately ; the ashes 
and precipitate mixed with about twelve times the weight of the original ore, 
of a mixture of two parts potassic chlorate and three parts sodic carbonate, 
and fused in a platinum crucible for twenty minutes or so ; the resulting 
mass is then treated with boiling water, filtered, and the filtrate titrated for 
chromic acid as in § 52.1. 

Tlie oxide of iron remaining on the filter is titrated, if required, 
by any of the methods described in ^ 59 and 60. 

(J) Brit ton's Process.— Ueduce the mineral to the finest state of 
division possible' in an agate mortar. Weigh off 0*5 gm., and add to it 4 gm. 
of flux, previously prepared, composed of one part potassic chlorate and three 
parts soda-lime ; thoroughly mix the mass by triturating in a porcelain mortar, 
and then ignite in a covered platinum crucible at a bright-red heat for an 
hour and a half or more. Twenty minutes is sufficient with the gas 
blowpipe. The mass will not fuse, but when cold can be turned out of 
the crucible b}' a few gentle taps, leaving the interior of the vessel clean 
and bright. Triturate in the mortar again and turn the powder into a tall 
4-oz. beaker, and add about 20 c.c. of hot water, and boil for two or three 
minutes ; when cold, add 15 c.c. of hydrochloric acid, and stir with a glass 
rod for a few minutes, till the solid matter, with the exception probably of a 
little silica in a flaky gelatinous state, becomes dissolved. Both the iron and 
chromium will then be in the highest state of oxidation— Fe^O^ and Cr^O^ 
Pour the fluid into a white porcelain dish of about 20-oz. capacity, and 
dilute vrith washings of the beaker to about 3 oz. Immediately after, also. 
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add cautiously 1 gm. of metallic iron of known purity^ or an equivalent 
quantity of double iron salt, previously dissolved in dilute sulphuric acid, and 
further dilute with cold water to about 5 oz., to make up the volume in the 
dish to about 8 oz., then titrate with ^*V permanganate the amount of ferrous 
oxide remaining. The difference between the amount of iron found and of 
the iron weighed will be the amount oxidized to sesquioxide by the chromic 
acid. Every one part so oxidized will represent 0*320 of metallic chromium, 
or 0*4663 of sesquioxide, Cr^O\ in which last condition the substance usually 
exists in the ore. 

If the amount of iron only in the ore is to be determined, the process is 
still shorter. After the fluxed mineral has been ignited and reduced to 
powder, as already directed, dissolve it by adding first, 10 c.c. of hot water 
and applying a gentle heat, and then 15 c.c. of hydrochloric acid, continuing 
the heat to incipient boiling till complete decomposition has been effected ; 
cool by immersing the tube in a bath of cold nvater, add pieces of pure 
metallic zinc sufficient to bring the iron to the condition of protoxide and 
the chromium to sesquioxide, and apply heat till small bubbles of hydrogen 
cease, and the zinc has become quite dissolved ; then nearly fill the tube with 
cold water, acidulated with one-tenth of sulphuric acid, and pour the contents 
into the porcelain dish, add cold water to make up the volume to about 8 oz., 
and complete the operation with standard permanganate solution. My expe- 
rience is that it is far better to use bichromate for titration in place of 
permanganate. 

(r) Sell's Prooea8.-This method is described in J. C, S, 1879, 
(p. 292), and is carried out by first fusing the finely ground ore with 
a mixture of sodic bisulphate and fluoride in the proportion of 
1 mol. bisulphate, and 2 mol. of fluoride, and subsequent titration 
of the chromic acid by standard hyposulphite and iodine as 
follows :— 

From O'l to 0*5 gm. of the ore is placed on the top of ten times its weight 
of the above-mentioned mixture in a large platinum crucible, and ignited for 
fifteen minutes ; an equal weight of so^c bisulphate is then added and well 
incorporated by fusion, and stirring with a platinum wire ; then a further 
like quantity of bisulphate added in the same way. When complete decom- 
position has occurred, the mass is boiled with water acidulated with sulphuric 
acid, and the solution diluted to a definite volume according to the quantity of 
ore originally taken. 

To insure the oxidation of all the chromium and iron previous to titration, 
a portion, or the whole, of the solution is heated to boiling, and permanganate 
added until a permanent red colour occurs. Sodic carbonate is then added in 
slight excess, and sufficient alcohol to destroy the excess of permanganate ; 
the manganese precipitate is then filtered off, and the clear solution titrated 
with -f^ hyposulphite and iodine in the usual way. 

The author states that the analysis of an ore by this method 
may be accomplished in one hour and a half. 

For the preliminary fusion and oxidation of chrome iron ore, 
Dittmar recommends a mixture of two parts borax glass, and one 
and a half pai-t each of sodic and potassic carbonate. These are 
fused together in a platinum crucible until all effervescence ceases, 
then poured out into a large platinum basin or upon a clean iron 
plate to cool, broken up, and preserved for use. 

Ten parts of this mixture is used for one part of chrome ore, 
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and the fusion made in a platinum crucible, closed for the first five 
minutes, then opened for about forty minutes, frequently stirring 
with a platinum wire, and using a powerful Buns en flame. 
The gas blowpipe hastens this method considerably. 

COBALT. 

Co = 59. 

1. Estimation by Kercurio Oxide and Fermanaranate (Winkler). 

§ 53. Ip an aqueous solution of cobaltous chloride or sulphate be 
treated with moist finely divided mercuric oxide, no decomposition 
ensues, but on the addition of permanganate to the mixture, 
hydrated cobaltic and manganic oxides are precipitated. It is 
probable that no definite formula can be given for the reaction, 
and therefore practically the working effegt of the permanganate is 
best established by a standard solution of cobalt of known strength, 
say metallic cobalt dissolved as chloride, or neutral cobaltous 
sulphate. 

The Analytical Process : The solution, free from any great excess of aoidj is 
placed in a flask, diluted to about 200 c.o., and a tolerable (quantity of moist 
mercuric oxide (precipitated from the nitrate or perchlonde by alkali and 
washed) added, rermanganate from a burette is then slowly added to the cold 
solution with constant shaking until the rose colour appears in the clear liquid 
above the bulky brownish precipitate. 

The appearance of the mixture is somewhat puzzling at the 
beginning, but as more permanganate is added the precipitate 
settles more freely, and the end as it approaches is very easily 
distinguished, llie final ending is when the rose colour is 
persistent for a minute or two ; subsequent bleaching must not 
be regarded. 

The actual decomposition as between cobaltous sulphate and 
permanganate may be formulated thus — 

CCoSO^ + 5H=0 + 2MnK0^ = K^SO^ + 5H^S0^ + 3Co^O^ + 2Mn02 

but as this exact decomposition cannot be depended upon in all the 
mixtures occurring, it is not possible to accept systematic numbers 
calculated from normal solutions. 

Solutions containing manganese, phosphorus, arsenic, active 
chlorine or oxygen compounds, or organic matter, cannot be used 
in this estimation ; moderate quantities of nickel are of no 
consequence. 

Cobalt and nickel may be separated as sesquioxides from zinc, 
iron, chromium, cadmium, tin, alumina, and the alkalies and earths 
by sodic hypochlorite or bromine water, in the presence of much 
caustic soda. The mixture must be boiled till the precipitate 
becomes granular, and of dark brown or black colour. 
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This precipitate when boiled with weak ammonia will contain 
the whole of the cobalt as CO'O' with some NiO. The cobalt may 
now be estimated by addition of standard ferrous solution, and 
titration with permanganate. In a separate portion of the original 
solution, the two oxides may be precipitated as before and without 
treatment by warm ammonia ; both are titrated with ferrous solution 
and permanganate. In this way the nickel is estimated by difference 
(Fleischer). 

OOPPEB. 

Cu = C3. 

Paoton for oonyerti&flr the quantity of Iron represented by 
Permanaranate, Blohromate, or Hypoetilplilte . into Oopper. 

1 c.c. ^^ solution =0 0003 gra. Copper 
Iron X 1*125 = Copper 
Double Ii-on Salt x 0*1 607= Copper 

§ 54. So many methods have been proposed for the volumetric 
estimation of copper, that the analyst is bewildered by their number, 
and hardly knows upon which to depend. 

My own opinion is, that in many cases it is safer and less 
troublesome to estimate the metal by weight ; there are, however, 
instances where volumetric methods can be applied with advantage, 
and the following processes arc chosen as the best. 



1. Method of separating Oopper from any of its Ores for Besidues 
in a pnre Metallic state, so that it may be weigrhed direct 
or estimated by Volumetric methods. 

The substance must be brought into very fine powder, particularly 
if it contain sulphur, and about 5 gm. of it weighed, placed in a 
deep porcelain crucible or capsule about 4 in. in diameter, and 
covered with a concentrated mixture of nitric and sulphuric acids, 
and water added cautiously. A larger quantity of nitric acid is 
necessary when sulphur is present (as in pyrites) than in other 
cases. A watch-glass or another capsule is placed upon the top of 
that containing the mixture so as to prevent loss by spirting — 
preferably a large watch-glass with a hole drilled in the middle. 
Heat is then applied to boiling and continued till the mass is nearly 
dry, the cover is then removed, and if not washed clean by the 
steam produced in the operation itself, is washed with a small 
quantity of water into the mass, which is again evaporated to dry- 
ness ; the heat is then increased until all acid vapours are expelled, 
and the capsule set aside to cool. In the case of pyrites the bent 
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must be continued long enough to burn off the sulphur, the capsule 
may then be slightly cooled, nitric acid again added, and the 
burning repeated ; in certain cases this may be necessary a third 
time in order to oxidize all sulphur and extraneous matter. 

By this treatment the copper is obtained as sulphate, the iron 
mostly as insoluble basic siilphate, lead as insoluble sulphate, 
antimony and tin also insoluble ; zinc, cobalt, and nickel are of no 
consequence in the following treatment. The cold residue is covered 
with water and boiled till all soluble matter is extracted, then 
filtered through a small filter into a weighed platinum dish, the 
residue being washed clean with boiling water ; the dish, with its 
contents, is placed on the water bath or over a small spirit lamp, 
gently heated, acidified with hydrochloric acid, and a small lump 
of pure zinc added to reduce the copper to the metallic state. 
There must be sufficient acid to produce a distinct evolution of 
hydrogen, and the dish covered with a watch-glass to prevent loss 
of liquid by spirting, the glass afterwards being rinsed into the 
liquid. The reduction is in all cases better done by a separate 
battery cell as almost all zinc leaves some residue. The end of the 
reduction is best known by taking a drop of the supernatant liquid 
out with a glass rod, and touching the surface of some acidulated 
sulphuretted hydrogen water or dilute potassic ferrocyanide con- 
tained in a small white capsule ; if no brown colour is produced, the 
reduction is ended, and any undissolved zinc can either be removed 
mechanically with a pair of forceps, taking care to free it from any 
adhering copper, or dissolved by the addition of fresh acid. The 
precipitated copper, if pure and clean, will possess a rose-red colour ; 
it must be quickly washed with boiling water to free it from acid. 
The first washings should be poured off into a beaker and allowed 
to settle by themselves, as small particles of copper may accidentally 
be contained in them ; if so, they must be washed clean and added 
to the platinum dish. Air should not be admitted to the metallic 
copper while the acid is present, to any great extent. When the 
washings no longer affect litmus paper, the dish should be placed in 
an air bath, heated to 100° or 110° C, and dried till the weight is 
constant — the increase in weight is pure copper. A water bath 
may be used for drying the copper ; in any case it is preferable to 
wash it first with strong alcohol. 

Instead of a platinum dish, porcelain or glass will answer, but 
more time is required, as there is no galvanic action to hasten the 
decomposition as with the platinum. In this case the deposited 
copper is not attached to the sides or bottom of the vessel. 

In order to remove iron from copper solutions, previous to their analysis, it 
has been recommended to precipitate it with ammonia on the one hand, or to 
boil with Bodic acetate and precipitate as basic acetate on the otber. In 
neither case can very satisfactory results be obtained, for with ammonia at 
least three precipitations are necessary to remove all the copper from the 
ferric oxid^. Boiling with sodic acetate does not always separate all the iron. 
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and even if it should do so, the precipitate holds the copper tenaciously ; the 
collection of fluid, therefore, by these repeated precipitations and washings, 
is so considerable, that the process cannot be applied, except after evaporation 
to a small bulk. The sodic acetate is far preferable to the ammonia ; it must, 
however, be used in large quantity, and the precipitate washed with hot 
water containing sodic acetate. In certain cases {i,e. where metals may be 
present which would interfere with the titration of the entire liquid by 
Farkes' process (§ 54.5), it ma^ be advisable to precipitate the iron by 
ammonia, slightly wash the precipitate, and then break the filter and wash it 
through the funnel into a white capsule, and titrate with potassic cyanide at 
once for the slight amount of copper present, adding the weight so found to 
that obtained in the filtrate by some other method. 



2. Beduotion by Grape Sufirar and subseauent titration with Ferric 
Chloride and Penuangranate (Schwarz). 

This process is based upon the fact that grape sugar precipitates 
cuprous oxide from an alkaline solution of the metal containing 
tartaric acid ; the oxide so obtained is collected and mixed with 
ferric chloride and hydrochloric acid. The result is the following 
decomposition :— 

Cu20 + Fe-^Cl''+2HCl=2CuCP+2FeCP+H20. 

Each equivalent of copper reduces one equivalent of ferric to ferrous 
chloride, which is estiuiated by permanganate with due precaution. 
The iron so obtained is calculated into copper by the requisite factor. 

The Analytical Process : The weighed substance is brought into solution 
by nitric or sulphuric acid or water, in a porcelain dish or flask, and most of 
the acid in excess saturated with sodic carbonate ; neutral potassic tartrate is 
then added in not too large quantity, and the precipitate so produced dis- 
solved to a clear blue fluid by adding caustic potash or soda in excess ; the 
vessel is next heated cautiously to about 60° C, in the water bath, and 
sufficient grape sugar added to precipitate the copper present; the heating 
is continued until the precipitate is of a bright red colour, and the upper 
liquid is brownish at the edges from the action of the alkali on the 
sugar ; the heat must never exceed 90° C. When the mixture has somewhat 
cleared, the upper fluid is poured through a moistened filter, and i^terwards 
the precipitate brought on the same, and washed with hot water till thoroughly 
clean ; the precipitate which may adhere to the dish or flask is well washed, 
and the filter containing the bulk of the protoxide put with it, an^an excess 
of solution of ferric chloride (free from nitric acid or free chlorine) added, 
together with a little sulphuric acid ; the whole is then warmed and stirred 
until the cuprous chloride is all dissolved. It is then filtered into a good- 
sized flask, the old and new filters being both well washed with hot water, to 
which at first 'a little free sulphuric acid should be added, in order to be 
certain of dissolving all the oxide in the folds of the paper. The entire 
solution is then titrated with permanganate in the usual way. Bichromate 
may also be used, but the end of the reaction is not so distinct as usual, from 
the turbidity produced by the presence of copper. 



Digitized by LjOOQ IC 



142 UA^'DBUOK OF § 54. 



3. Reduction by Zinc and subsequent titration with Ferric 
Chloride and Permangranate (Fleitmann). 

The metallic solution, free from nitric acid, bismuth, or lead, is 
precipitated with zinc as in § 54. 1 or 54. 8 ; the copper collected, 
washed, and dissolved in a mixture of ferric chloride and hydi*o- 
chloric acid ; a little sodic carbonate may be added to expel the 
atmospheric air. The reaction is — 

Cu + Fe'CP=CuCP + 2I?'eCl-. 

When the copper is all dissolved, the solution is diluted and 
titrated with permanganate ; 56 of iron represent 3 1*5 of copper. 

If the original solution contains nitric acid, bismuth or lead, the 
decomposition by zinc must take place in an ammoniacal solution, 
from which the precipitates of either of the above metals have been 
removed by filtration ; tlie zinc must be finely divided and the 
mixture warmed. The copper is all precipitated when the colour of 
the solution has disappeared. It is washed first with hot watoi", 
then with weak hydrochloric or sulphuric acid and water to remove 
tlie zinc, again with water, and then dissolved in the acid and ferric 
chloride as before. 



4. Estimation as Cuprous Iodide (De Ha en and E. 0. Brown). 
Bestilts accurate in the absence of persalts of Iron and other 
reducible substances. 

This method is principally available for the rapid estimation of 
small quantities of copper. It is, however, of limited application, 
and liable to serious inaccuracy when the necessary precautions arc 
not obeyed. 

This process is based on the fact that when potassic iodide is 
mixed with-a salt of copper in solution, cuprous iodide is precipitated 
djQ a dirty white powder, and iodine set free. If the latter is then 
immediately titrated with hyposulphite and starch, the corresponding 
quantity of copper is found by the systematic factor. 

The solution of the metal, if it contain nitric acid, is evaporated 
with sulphuric acid till the former is expelled, err the nitric acid is 
neutralized with sodic carbonate and acetic acid added ; the sulphate 
solution must be neutral, or only faintly acid ; excess of acetic acid 
is of no consequence. 

Copper in hydrochloric solution may be separated completely as 
cuprous iodide by adding stannous chloride and potassic iodide. 
The precipitate may then be mixed with an excess of ferric 
sulphate; the free iodine boiled off; and the resulting ferrous salt 
titrated with permanganate. 
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Tht AncUyiieal Process : The solution (containing not less than 1 gm. of 
Cu to each 100 cc), free from iron, chlorine, or free nitric or hydrochloric 
acid is hrought into a beaker or flask, potassic iodide in good quantity added, 
and the hyposulphite ddivered from a burette till the brown colour has dis- 
appeared ; starch liquor is then added, and /^ iodine, to ascertain the excess 
of hyposulphite, or the titration may proceed direct by adding starch at first, 
and then hyposulphite till the blue colour is discharged. 

Example : 10 c.c. of solution of cupric sulphate containing 0'39356 gm. 
-01 gm. of copper was mixed with potassic iodide in a beaker, and 19 c.c of 
,\ hyposulphite added, then starch liquor, and 8'2 c.c. of ^jp iodine required 
to produce the blue colour =16*8 c.c. of hyposulphite; this multiplied by 
0*0068 gave 00996 gm. of copper instead of 01 gm. 



5. Sstlmation by PotaMio Cyanide (Parke s and C. Uohr). 
Besolts tolerably aoourate in the absence of manffaneaey 
nickel, cobalt, meronry, and silyer. 

This well-known and much-used process for estimating copper 
depends upon the decoloration of an ammoniacal solution of coppet 
by potassic cyanide. The reaction (which is not absolutely uniform 
with variable quantities of ammonia) is such that a double cyanitlo 
of copper and ammonia is formed ; cyanogen is also liberated, which 
reacts on the free ammonia, producing ui'ea, oxalate of urea, ammouic 
cyanide and formate (Lie big). Owing to the influence exercised 
by variable quantities of ammonia, or its neutral salts, upon the 
decoloration of a copper solution by the cyanide, it is necessary 
that the solution analyzed should contain pretty nearly the same 
proportion of ammonia as that upon which the cyanide has been 
originally titrated, and no heat should be used (see also § 54-8)'. 

ExampU : (1) 10 c.c. of solution of cupric sulphate, containing 0*10 gm. 
of Cu, with 1 c.c. of ammonia, spec. gray. 0*900, required 21*3 c.c. of 
cyanide solution. 

(2) 60 C.C. of copper solution =0*50 gm. of Cu, and 5 o.c. of ammonia, 
require 106*5 c.c. of cyanide. 

These agree exactly. 

(3) 20 CO. of copper solution =0*20 gm. of Cu, with 6 c.c of ammonia, 
require 43 c.c. of cyanide instead of 42*6. 

(4) 20 c.c. of copper=0'20 gm. of Cu, with 20 c.c. of ammonia, required 
43 C.C. of cyanide, instead of 48*6. 

The results with salts of ammonia were yery similar, but even more marked. 

It has generally been thought that where copper and iron occur together, 
it is necessary to separate the latter before using the cyanide. F. Field, 
however, has stated that this is not necessary (C. N. i. p. 25) ; and I can 
fully endorse his statement that the presence of the suspended ferric oxide is 
no hindrance to the estimation of the copper ; in fact, it is rather an advantage, 
as it acts as an indicator to the end of the process. 

While the copper is in excess, the oxide possesses a purplish-brown colour, 
but as this excess lessens, the colour becomes gradually lighter, until it is 
oranffe brown. If it be now allowed to settle, which it does very rapidly, the 
dear liquid above will be found nearly colourless. A little practice is of course 
necessary to enable the oj^erator to hit the exact point, and it is always well 
to make use of both indicators. The following experiment is given from 
among many others. 
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10 C.C. of copper 8olution=0'10 gm. of Cu, were put into a small white 
porcelain dish, and 2 o.c. of ammonia (0'900) added, then the cjanide cautiously 
delivered from a burette till the faintest violet tinge only was perceptible; the 
quantity so used was 21*3 c.c. 10 c.c. of copper solution were then put into 
another dish, a little freshly precipitated ferric oxide added, together with 
2 c.c. of ammonia. The cyanide was then delivered without looking at the 
burette until the oxide had acquired the proper colour ; the burette was found 
to stand at 21*3 c.c, and the clear solution possessed the same faint tint as 
before. 

The solution of potassic cyanide should be titrated afresh at 
intervals of a few days. Further details of this process are given 
in § 54.8. 



6. Estimation as Sulphide (Pel ouze). Bestdts tolerably accurate 
in the absence of tin, nickel, cobalt, or silver. 

It is fii*st necessary to have a solution of pure copper of known 
strength, which is best made by dissolving 39 "29 1 gni. of pure 
cupric sulphate in 1 liter of distilled water; each c.c. will contain 
0-01 gm. of pure metallic copper. 

Precipitation in Alkaline Solution, — ^This process is based on 
the fact that if an ammoniacal solution of copper is heated to from 
40*" to 80** C, and a solution of sodic sulphide added, the whole of 
the copper is precipitated as oxysulphide, leaving the liquid 
colourless. The loss of colour indicates, therefore, the end of the 
process, and this is its weak point. Special practice, however, will 
enable the operator to hit the exact point closely. 

Example : A measured quantity (say 50 c.c.) of standard solution of copper 
is freely supersaturated with caustic ammonia, and heated till it begins to 
boil. The tempera.ture will not be higher than 80" C. in consequence of the 
presence of the ammonia ; it is always well, however, to use a thermometer. 
The sodic sulphide is delivered cautiously from a Mohr's burette, until the 
last traces of blue colour have disappeared from the clear liquid above the 
precipitate. The experiment is repeated, and if the same result is obtained, 
the number of c.c. or dm. required to precipitate the amount of copper 
contained in 50 c.c. or dm. =0*5 gm. or 5 grn. respectively, is marked upon 
the alkaline sulphide bottle. As the strength of the solution gradually 
deteriorates, it must be titrated afresh every day or two. Special regard 
must be had to the temperature of the precipitation, otherwise the accuracy 
of the process is seriously interfered with. 

Precipitation in Acid Solution, — Ibe copper solution is placed in 
a tall stoppered flask of tolerable size (400 or 500 cc), freely acidified 
with hydrochloric acid, then diluted with about 200 c.c. of hot 
water. 

The alkaline sulphide is then delivered in from a burette, the 
stopper replaced, and the mixture well shaken ; the precipitate of 
copper sulphide settles readily, leaving the supernatant liquid clear ; 
fresh sulphide solution is then at intervals added until no moi-e 
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precipitate occurs. The calculation is the same as in the case of 
alkaline precipitation, but the copper is precipitated as pure 
sulphide instead of oxysulphide. 



7. Estimation by StannoTis Chloride (Weil). 

This process is based on the fact, that a solution of a cupric salt in 
large excess of hydrochloric acid at a boiling heat shows, even when 
the smallest trace is present, a greenish-yellow colour. If to such a 
solution stannous chloride is added in minute excess, a colourless 
cuprous chloride is produced, and the loss of colour indicates the end 
of the process. 

2CuCP+ SnCP=Cu^CP +SnCl^ 

The change is easily distinguishable to the eye, but should any 
doubt exist as to whether stannous chloride is in excess, a small 
portion of the solution may be tested mth mercuric chloride. Any 
precipitate of calomel indicates the presence of stannous chloride. 

The tin solution is prepared as described in § 34.2. 

A standard copper solution is made by dissolving pure cupric 
sulphate in distilled water, in the proportion of 39 5 gm. per 
liter = 10 gm. of Cu. 

Process for Copper alone : 10 c.c. of the copper Bolation=0'l gm. of Cu 
are put into a white-glass flask, 25 c.o. of pure strong hydrochloric aoid added, 
placed on a sandbath and brought to boiling heat ; the tin solution is then 
quiokly delivered in from a burette until the colour is nearly destroyed, 
finally a drop at a time till the liquid is as colourless as distilled water. No 
oxidation wUl take place during the boiling owing to the flask being filled 
with acid vapours. 

A sample of oopper ore is prepared in the usual way by treatment with 
nitric acid, and afterwards evaporating with sulphuric acid to remove the 
nitric. Silica, lead, tin, silver, or arsenic, are of no consequence, as when 
the solution is diluted with water to a definite volume, the precipitates of 
these substances settle to the bottom of the measuring flask, and the clear 
liquid may be taken out for titration. In case antimonic acid is present it 
will be reduced with the copper, but on exposing the liquid for a night in 
an open basin, the copper will be completely re-oxidized but not the antimony ; 
a second titration will then show the amount of copper. 

Process for Ores containing Copper and Iron: In the case of copper 
ores where iron is also present, the quantity of tin solution required will of 
course represent both the iron and the oopper. In this case a second titration 
of the original solution is made with zinc and permanganate, and the quantity 
so found is deducted from the total quantity; the amount of tin solution 
corresponding to copper is thus found. 

Example: A solution was prepared from 10 gm. of ore and diluted to 
250 c.c. : 10 c.c. required 26'75 c.c. of tin solution whose strength was 16*2 c.c. 
for 0-1 gm. of Cu. 

10 C.C. of ore solution were diluted, warmed, zinc and platinum added till 
reduction wu complete, and the solution titrated vnth permanganate whose 
quatttity=00809 gm. of Fe. 

L 



Digitized by VjOOQIC 



146 HANDBOOK OF § 54. 

The relatiYO strength of the tin solution to iron is 18'34 c.c.^0'1 gm. of 
Fe : thus — 

eq. wt. Cu : eq. wt. Fe = Cu : a? Fe 
68 : 66 = 01 : 00888 

therefore 01 gm. of Cu= 0-0888 gm. of Fe=16*2 c.o. of SnCl^ 
whence 00888 : 01=16-2 : 18"34 
thus 0-0809 Fe (found above) = 14'837 of c.d. SnOT 

01 : 00809 =18-34 : 14887 hence 

Iron and copper = 26-760 c.c. SnCl* 

Subtract for iron = 14-887 



Leaving for copper 11*918 

10 c.c. of ore solution therefore contained 16*2 : 0*1 : : 11-913 -0-0735 gm. of 
Cu and as 10 gm. of ore=250 c.c. contained of course 1*887 gm. of Cu= 
18-37 per cent. Cu. Analysis by weight as a control gave 18*34 per cent. Cu. 
Fe volumetrically 20*26 per cent., by weight 20-10 per cent. 

The method is specially adapted to the analysis of fahl-ores. 

Proc€99 for Orei containing Nickel or Cobalt : The ore is dissolved in 
nitric or nitro-hydrochloric acid, then nearly neutralized with sodic carbonate, 
diluted with cold water, and freBhlv precipitated baric carbonate and some 
ammonic chloride added; the whole is well mixed together, producing a 
precipitate containing all the copper and iron, while the nickel or oobalt 
remains in solution ; the precipitate is first washed by deoantation, oolleoted 
on a filter, well washed, then dissolved in hydrochloric aoid, and titrated with 
stannous chloride as before described. 



6. Technioal Sscamination of Copper Ores (Steinbeok's 
Prooess). 

In May 1867 the Directors of the Mansfield Copper Mines 
offered a premium for the best method of examining these ores, the 
chief conditions being tolerable accuracy, simplicity of working, and 
the possibility of one operator making at least eighteen assays in 
*lhe day. 

The fortunate competitor was Dr. Steinbeck, whose process 
satisfied completely the requirements of the Directora. The whole 
report is contained in. Z. a G, 1869, p. i. and is also translated in 
C, N. April 16, 1869. The following is a somewhat condensed 
resume of the process, the final titration of the copper being 
accomplished by potassic cyanide as in § 64. 5. A very convenient 
arrangement for filling the burette with standard solution where a 
series of analyses has to be made, and the burette continually 
emptied, is shown in fig. 31 ; it may be refilled by simply blowing 
upon the surface of the liquid. 

(a) The extraction of the Copper from the Ore. — 5 gm. of 
pulverized ore are put into a flask with from 40 to 50 c.c. of crude 
hydrochloric acid (specific gravity 1*16), whereby all carbonates are 
converted into chlorides, while carbonic acid is expelled. After a 
while there is added to the fluid in the flask 6 a c. of a normal nitric 
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acid, prepared by mixing equal bulks of water and pure nitric acid 
of 1 -2 sp. gr. As regards certain ores, however, specially met with 
in the district of Mansfield, some, having a very high per-centage 
of sulphur and bitumen, have to be roasted previous to being 
subjected to this process ; and others, again, require only 1 c.c. of 
nitric acid instead of 6. The flask containing the assay ia digested 
on a sandbath for half an hour, and the contents boiled for about 




Fig. 30. • 

fifteen minutes ; after which, the whole of the copper occurring in 
the ore, and all other metals, are in solution as chlorides. The 
blackish residue, consisting of sand and schist, has been proved 
by numerous experiments to be either entirely free fi'om copper, or 
to contain at the most only 0*01 to 003 per cent. 

(6) Separation of the Copper. — The solution of metallic and 
earthy chlorides, and some firee hydrochloric acid, obtained as just 

l2 
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described, is separated by filtration from the insoluble residue, and 
the fluid run into a covered beaker glass of about 400 c.c. capacity. 
In this beaker a rod of metallic zinc, weighing about 50 gm., has 
been previously placed, fastened to a piece of stout platinum foil. 
The zinc to be used for this purpose should be as much as possible 
free from lead, and at any rate should not contain more than from 
01 to 0*3 per cent, of the latter metal The precipitation of the 
copper in the metallic state sets in already during the filtration oi 
the warm and concentrated fluid, and is, owing especially also to the 
entire absence of nitric acid, completely finished in from half to 
three quarters of an hour after the beginning of the filtration. If 
the fluid be tested with sulphuretted hydrogen, no trace of copper 
can or should be detected; the spongy metal partly covers the 
platinum foil, partly floats about in the liquid, and in case either 
the ore itself or the zinc applied in the experiment contained lead, 
small quantities of that metal will accompany the precipitated copper. 
After the excess of zinc (for an excess must always be employed) 
has been removed, the metal is repeatedly and carefully washed 
by decantation with fresh water, and care taken to collect together 
every particle of the spongy mass. 

(c) QuanHtaiive estimation of fhe precipitated Copper. — ^To 
the spongy metallic mass in the beaker glass, wherein the platinum 
foil is left, since some of the metal adheres to it, 8 c.c. of the 
normal nitric acid are added, and the copper dissolved by the aid 
of moderate heat, in the form of cupric nitrate, which, in the event 
of any small quantity of lead being present^ will of course be 
contaminated with lead. 

When copper ores are dealt with, containing above 6 per 
cent, of copper, which may be approximately estimated from the 
bulk of the spongy mass of precipitated metal, 16 c.c. of nitric 
acid, instead of 8, are applied for dissolving the metal. The solu- 
tion thus obtained is left to cool, and next mixed, immediately 
before titration with potassic cyanide, with 10 c.c. of normal solution 
of liquid ammonia, prepared by diluting 1 volume of liquid 
ammonia (sp. gr. 0-93) with 2 volumes of distilled water. 

The titration with cyanide is conducted as described in § 54.5. 

In the case of such ores as yield over 6 per cent, of copper, and 
when a double quantity of normal nitric acid has consequently 
been used, the solution of copper in nitric acid is diluted with 
water, and made to occupy a bulk of 100 c.c. ; this bulk is then 
exactly divided into two portions of 50 c.c. each, and each of these 
separately mixed with 10 c.c. of the liquid ammonia solution just 
alluded to, and the copper therein volumetrically determined. The 
deep blue coloured solution only contains, in addition to the copper 
compound, ammonic nitrate; any lead which might have been 
dissolved having been precipitated as hydrated oxide, which does 
not interfere with the titration with cyanide. The solution of the 
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last-named salt is so arranged, that 1 c.c. thereof exactly indicates 
0*005 gm. of copper. Since, for every assay, 5 gm. of ore have been 
taken, 1 c.c. of the titration fluid is equal to 0*1 percent, of copper, 
according to the following proportion : — 

5 : 0-005 : : 100 : a: = 0-l 

it hence follows that, by multiplying the number of c.c. of cyanide 
solution used to make the blue colour of the copper solution 
disappear by 0*1, the per-centage of copper contained in the ore is 
immediately ascertained. 

Steinbeck tested this method specially, in order to see what 
influence is exercised thereupon by (1) ammonic nitrate, (2) caustic 
ammonia, (3) lead. The copper used for the experiments for this 
purpose was pure metal, obtained by galvanic action, and was 
ignited to destroy any organic matter which might accidentally 
adhere to it, and, next, cleaned by placing it in dilute nitric acid. 
5 gm. of this metal were placed in a liter flask, and dissolved in 
266*6 C.C. of normal nitric acid, the flask gently heated, and, after 
cooling, the contents diluted with water, and thus brought to a 
bulk of 1000 c.c. 30 c.c. of this solution were always applied to 
titrate one and the same solution of potassic cyanide under all 
circumstances. When 5 gm. of ore, containing on an average 3 per 
cent, of copper, are taken for assay, that quantity of copper is 
exactly equal to 0-150 gm. of the chemically pure copper. The 
quantity of normal nitric acid taken to dissolve 5 gm. of pure 
copper (266*6 C.C.) was purposely taken, so as to correspond with 
the quantity of 8 c.c. of normal nitric acid which is applied in 
the assay of the copper obtained from the ore, and this quantity 
of acid is exactly met with in 30 c.c. of the solution of pure 
copper. 

The influence of double quantities of ammonic nitrate and free 
caustic ammonia (the quantity of copper remaining the same)» is 
shown as follows : — 

(a) 30 c.c. of the normal solution of copper, containing exactly 
0-150 gm. of copper, were rendered alkaline with 10 c.c. of normd 
ammonia, and were found to require, for entire decoloration, 29*8 c.c. 
of cyanide solution. A second experiment, again with 30 c.c. of 
normal copper solution, and otherwise under identically the same 
conditions, required 29-9 c.c. of cyanide solution. The average is 
29-85 C.C. 

(b) When to 30 c.c. of the normal copper solution first 8 c.c. of 
normal nitric acid are added, and then 20 cc. of normal ammonia 
instead of only 8, whereby the quantity of free ammonia and of 
ammonic nitrate is made double what it was in the case of a, 
there is required of the same cyanide solution 30*3 cc. to produce 
decoloration. A repetition of the experiment,* exactly under the 
same conditions, gave 30-4 c.c. of the cyanide solution employed ; 
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the average is, therefore, 30*35 c.c. The difference amounts to 
only 0*05 per cent, of copper, which may be allowed for in the 
S^l calculation. 

When, however, larger quantities of ammoniacal salts are present 
in the fluid to be assayed for copper, by means of cyanide, and 
especially when ammonic carbonate, sulphate, and, worse still, 
chloride are simultaneously present, these salts exert a very dis- 
turbing influence (see § 54.5). The presence of lead in the copper 
solution to be assayed has the effect of producing, on the addition 
of 10 C.C. of normal ammonia, a milkiness with the blue tint; but 
this does not at all interfere with the estimation of the copper by 
means of the cyanide, provided the lead be not in great excess ; 
and a sUght milkiness of the solution even promotes the visibility 
of the approaching end of the operation. 

Steinbeck purposely made some experiments to test this point, 
and his results show that a moderate quantity of lead has no 
influenca 

Experiments were also carefully made to ascertain the influence 
of zinc, the result of which showed that up to 5 per cent, of the' 
copper present, the zinc had no disturbing action; but a considerable 
variation occurred as the per-centage increased above that proportion. 
Care must therefore always be taken in washing the spongy copper 
precipitated from the ore solution by means of zinc. 

The titration must always take place at ordinary temperatures, 
since heating the ammoniacal solution while under titration to 40"*, 
or 45'' C. considerably reduces the quantity of cyanide required. 

9. Estimation of Copper by Colour Titration. 

This method can be adopted with very accurate results, as in the 
case of iron, and is available for slags, poor cupreous pyrites, 
waters, &c. (see Carnelly, C. N. Dec. 31, 1875). 

The re-agent used is the same as in the case of iron, viz., potassic 
ferrocyanide, which gives a purple-brown colour with very dilute 
solutions of copper. This reaction, however, is not so delicate as 

is with iron, for 1 part of the latter in 13,000,000 parts of water 
can be detected by means of potassic ferrocyanide; while 1 part of 
copper in a neutral solution, containing ammonic nitrate, can 
only be detected in 2,500,000 parts' of water. Of the coloured 
reactions which copper gives with different re-agents, those with 
sulphuretted hydrogen and potassic ferrocyanide are by far the 
most delicate, both showing their respective colours in 2,500,000 
parts of water. 

Of the two re-agents sulphuretted hydrogen is the more delicate; 
but potassic ferrocyanide has a decided advantage over sulphuretted 
hydrogen in the fact that lead, when not present in too large 
quantity, does nof interfere with the depth of colour obtained, 
whereas to sulphuretted hydrogenit is, as is wellknown, very sensitive. 
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And though iron if present would, without special precaution 
being taken, prevent the determination of copper by means of 
potassic ferrocyanide ; yet, by the method as described below, the 
amounts of these metals contained together in a solution can be 
estimated by this re-agent. 

Amnionic nitrate renders the reaction much more delicate ; other 
salts, as ammonic chloride and potassic nitrate, have likewise the 
same effect. 

The method of analysis consists in the comparison of the purple- 
brown colours produced by adding to a solution of potassic ferro- 
cyanide — first, a solution of copper of known strength, and secondly 
the solution in which the copper is to be determined. 

The solutions and materials required are as follows : — 

(1) Standardcopper solution, — Prepared by dissolvi&g 0*395 gm. 
of pure CuSO*, 5H*0 in one liter of water. 1 c.c. is then equivalent 
to O'l m.gm. Cu. 

(2) Solution of ammonic ni^ra^d.— Made by dissolving 100 gm. 
of the salt in one liter of water. 

(3) Potassic ferrocyanide solution, — Containing 1 part of the 
salt in 25 parts of water. 

(4) Two glass cylinders holding rather more than 150 c.c. each,, 
the point equivalent to that volume being marked on the glass. 
They must, of course, both be of the same tint, and as nearly 
colourless as possible. Instead of these the colorimeter (§ 41) may 
of course be used. 

A burette, graduated to ^ c.c. for the copper solution ; a 5 c.c. 
pipette for the ammonic nitrate, and a small tube to deliver the 
potassic ferrocyanide in drops. 

2%0 AndUftical Proeese : Five drops of the potassic ferrocyanide aro placed 
in each cylinder, and then a measured quantity of the neutral solution in which 
the copper is to be determined is placed into one of them, and both filled up 
to the mark with distiUed water, 5 c.c. of the ammonic nitrate solution added 
to each, and then the standard copper solution ran gradually into the other, 
till the colours iu both cylinders are of the same depth, the liquid being well 
stirred after each addition. The number of c.c. uaed are then read off. 
Each CO. corresponds to 0*1 m.gm. of copper, from which the amount of 
copper in the solution in question can be calculated. 

The solution in which the copper is to be estimated must bo 
neutral ; for if it contiEtin free acid the latter lessens the depth of 
colour, and changes it from a purple-brown to an earthy brown. If 
it should be acid it is rendered slightly alkaline with ammonia, 
and the excess of the latter got rid of by boiling. The solution 
must not be alkaline, as the brown coloration is soluble in ammonia 
and decomposed by potash or soda j if it be alkaUne &om ammonia 
this is remedied as before by boiling it off; while free potash or 
soda, should they be present, are neutraUzed by an acid, and the 
latter by ammoiua. 
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Within moderate limits the amount of potassic ferrocyanide does 
not afifect the accuracy of the method, as was proved by several 
experiments ; for instance, when J c.c. and 2 c.c. of the ferrocyanide 
were added to the two cylinders respectively, water up to the mark, 
and 5 c.c. of ammonic nitrate, 7 c.c. of the standard copper solution 
produced in each an equal depth of colour. 

The same may be said of the ammonic nitrate, for in one of 
several trials, all leading to the same result, there were five drops 
of ferrocyanide in each cylinder, with water up to the mark, 5 c.c. 
of ammonic nitrate in one and 15 c.c. in the other, when an equal 
depth of colour was obtained on running into each 7 c.c. of the 
standard copper solution. 

The results obtained are fairly uniform, and will compare with 
any other process which can be used for the estimation of minute 
quantities of copper. 

Experiment proved that colourless salts of the alkaline and earthy 
metals, as also organic matter like sugar, had no eflfect on the colour. 

Lead, when present in not too large quantity, has little or no 
cifect on the accuracy of the method. The precipitate obtained on 
adding potassic ferrocyanide to a lead salt is white ; and this, except 
when present in comparatively large quantity with respect to the 
copper, does not interfere with the comparison of the colours. 

When copper is to be estimated in a solution containing iron, the 
following is the method of procedure to be adopted : — 

A few drops of nitric acid are added to the solution in order to oxidize the 
iron, the liquid evaporated to a small bulk, and the iron precipitated by 
ammonia. Even when very small quantities of iron are present, this can be 
done easily and completely if there be only a very small quantity of fluid. 
The precipitate of ferric oxide is then filtered off, washed once, dissolved in 
nitric acid, and re-precipitated by ammonia, filtered and washed. The iron 
precipitate is now free from copper, and in it the iron can be estimated by 
dissolving in nitric acid, making the solution nearly neutral with ammonia, 
and determining the iron by the method in § 60.4. The filtrate from the 
iron precipitate is boiled till all the ammonia is completely driven off, and 
the copper estimated in the solution so obtained as already described. 

When the solution containing copper is too dilute to give any 
coloration directly with potassic ferrocyanide, a measured quantity 
of it must be evaporated to a small bulk, and filtered if necessary ; 
and if it contain iron, also treated as already described. 

In the determination of copper and iron in water, for-- which the 
method is specially applicable, a measured quantity is evaporated 
to dryness with a few drops of nitric acid, ignited to get rid of any 
organic matter that might colour the liquid, and dissolved in a little 
boiling water and a drop or two of nitijc acid ; if it is not all 
soluble it does not matter. Ammonia is next added to precipitate 
the iron, the latter filtered oflP, washed, re-dissolved in nitric acid, 
and again precipitated by ammonia, filtered off, and washed. The 
filtrate is added to the one previously obtained, the iron estimated 
in the precipitate, and the copper in the united filtrates. 
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OTANOaEN. 

CN=26. 

1 c.c. ^^ silver solution =0-0052 gm. 

Cyanogen. 
=0-0054 gm. 

Hydrocyanic acid. 
„ „ =0-01302 gm. 

Potassic cyanide. 
„ iodine =0-003255 gm. 

Potassic cyanide. 

1. By Standard Silver Solution (L i e b i ff) . 

§ 55. This ready and accurate method of estimating cyanogen 
in prussic acid, alkaline cyanides, &c., was discovered by Liebig, 
and is fully described in Ann, der Chem. und Pharm, Ixxvii. 
X). 102. It is based on the fact, that when a solution of silver 
nitrate is added to an alkaline solution, containing cyanogen, with 
constant stirring, no permanent precipitate of silver cyanide 
occurs until all the cyanogen has combined with the alkali and the 
silver, to form a soluble double salt (in the presence of potash, 
for example, KCy, AgCy). If the slightest excess of silver, over 
and above the quantity required to form this combination, be 
added, a permanent precipitate of silver cyanide occurs, the double 
compound being destroyed. If, therefore, the silver solution be of 
known strength, the quantity of cyanogen present is easily found ; 
1 eq. of silver in this case being equal to 2 eq. cyanogen. 

So fast is this double combination, that, when sodic chloride is 
present, no permanent precipitate of silver chloride occurs, until the 
quantity of silver necessary to form the compound is slightly over- 
stepped. 

Siebold, however, has pointed out that this process, in the case 
of free hydrocyanic acid, is liable to serious errors unless the 
following precautions are observed : — 

(W) The solution of sodic or potassic hydrate should be placed in the 
beaker first, and the hydrocyanic acid added to it from the pipette. If, 
instead of this the acid is placed in the beaker first, and the alkaline hydrate 
added afterwards, there may be a slight loss by evaporation, which becomes 
appreciable whenever there is any delay in the addition of the alkali. 

(6) The mixture of hydrocyanic acid and alkali should be largely diluted 
with water before the silver nitrate is added. The most suitable proportion 
of water is from ten to twenty times the volume of the ofiicmal or of 
Sjcheele's acid. With such> degree of dilution, the final point of the 
reaction can be observed with greater precision. 

(c) The amount of alkali used should be as exactly as possible that 
required for the conversion of the hydrocyanic acid into alkaline cyanide. 
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as an insufficiency or an excess both affect the accuracy of the result. With 
an excess the results are slightly too high; with an insufficient quantity 
the^ may be much too low, since it is only the combined hydrocyanic acid 
which is estimated by the method. 

Caution. — In using the pipette for measuring hydrocyanic acid, 
it is advisable to insert a plug of cotton wool, slightly moistened 
with silver nitrate, into the upper end, so as to avoid the danger of 
inhaling any of the acidj otherwise it is decidedly preferable to 
weigh it. 

Example with Potauic Cyanide : The quantity of this substance necessary 
to be taken for analysis, so that each c.c. or dm. shall be equal to 1 per cent, 
of the pure cyanide, is 1*30 gm. or IS'O gm. 13 grains, therefore, of the 
commercial article were dissolved in water, no further alkali being necessary, 
and 54 dm. /^ silver required to produce the permanent turbidity. The 
sample therefore contained 54 per cent, of real cyanide. 



2. By Standard ICerouric Chloride (H a n n a y) . 

This convenient method is fully described by the author {J, C. S. 
1878, p. 245), and is well adapted for the technical examination of 
commercial cyanides, <fec., giving good results in the presence of 
cyanates, sulphocyanates, alkaline salts, and compounds of ammonia 
and silver. 

The standard solution of mercury is made by dissolving 13 -537 
gm. Hg CP in water, and diluting to a liter. Each c.c. =0*00651 gm. 
of pofassic cyanide, or 0*0026 gm. Cy. 

The Analytical Procese : The cyanide is dissolved in water, and the beaker 
placed upon black paper or velvet; ammonia is then added in moderate 
quantity, and the mercuric solution cautiously added with constant stirring 
until a bluish-white opalescence is permanently produced. With pure sul? 
stances the reaction is very delicate, but not so accurate with impure mixtures 
occurring in commerce. 



3. By Iodine (Fordos and Gells). 

This process, which is principally applicable to alkaline cyanides, 
depends on the fact, that when a solution of iodine is added to one 
of potassic cyanide, the iodine loses its colour so long as any 
undecomposed cyanide remains. * The reaction may be expressed 
by the following formula : — 

CyK + 2I = IK + ICy. 

Therefore, 2 eq. iodine represent 1 eq. cyanogen in combination ; so 
that 1 c.c. of 1^ iodine expresses the half of xiTooir ®^- cyanogen 
or its compounds. The end of the reaction is known by the 
yellow colour of the iodine solution becoming permanent. 
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Commercial cyanides are, however, generally contaminated with 
caustic or monocarbonate alkalies, which would equally destroy 
the colour of the iodine as the cyanide ; consequently these must be 
converted into bicarbonates, best done by adding carbonic acid 
water (ordinary soda water). 

Example : 6 gm. of potassic cyanide were weighed and dissolved in 500 o.c. 
water; then 10 o.c. (=01 gm. cyanide) taken with a pipette, diluted with 
about i liter bt water, 100 c.c. of soda water added, then ^^ iodine delivered 
from the burette until the solution possessed a slight but permanent yellow 
colour ; 25*5 c.c. were required, which multiplied by 0003255 gave 008800 gm., 
instead of O'l gm. or 83 per cent, real cyanide. Sulphides must of course be 
absent. 



jap 

^* By fQ Silver and Ohromate IncUoator. 

Vielhaber {Areh. Pharm. [3] xiii. p. 408) has shown that 
weak solutions of prussic acid, such as bitter-almond water, &c., 
may bo readily titrated by adding magnesic hydrate suspended in 
wator until alkaline, adding a drop or two of chromato indicator, 
and deliveriog in ^^ silver until the red colour appears, as in tho 
case of titrating chlorides. 1 c.c. silver solution = 0027 gm. HCy. 

This method may bo found serviceable in the examination of 
opaque solutions of hydrocyanic acid, such as solutions of bitter- 
almond oil, &c; but of course the absence of chlorine must be 
insured, or, if present^ the amount must be allowed for. 



FEBBO- AND FEBBI-OTANIDES. 

Potassio Ferrocyanide. 

K^Cy^Fe + 3ffO = 422. 

Metallic iron x 7*541 ^ Crystallized potassic ferrocyanide. 

Double iron salt x 1*077= „ „ „ 

1. Oxidation to Ferricyanide by Permanffanate (De Haen). 

§ 55a. This substance may be estimated by potassic permanga- 
nate, which acts by converting it into red prussiate. The process 
is easy of application, and the results accurate. A standard solution 
of pure ferrocyanide should be used as the basis upon which to 
work, but can, however, bo dispensed with, if the operator choose 
to calculate the strength of his permanganate upon iron or its 
compounds. If the permanganate is decinormal, there is of course 
very little need for calculation (1 eq. :=422 must be used as the 
systematic number, and therefore 1 c.c. of ,^(j permanganate is 
ec^ual to 0*0422 gm. of yellow prussiate). The standard solution 
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of pure ferrocyanide contains 20 gm. in the liter ; each c.c. will 
contain 0'020 gm. 

The Analytical Process : 10 c.c. of the standard prussiate solution are put 
into a white porcelain dish or beaker standing on white paper, and 250 c.o. 
or so of water added ; it is then acidified pretty strongly with sulphuric acid, 
and the permanganate delivered from the burette until a pure uranium 
yellow colour appears ; it is then cautiously added until the faintest pink 
tinge occurs. De Haen, Fresenius, and Mohr all agree in stating that 
the end of the reaction is hindered by turbidity ; this I have not found to be 
the case, but have invariably found that when the solution of ferrocyanide is 
very dilute, say i gm. to 250 or 300 c.c. water freely acidified, and the opera- 
tion performed in a clean white evaporating basin, that the mixture remains 
clear, and the end is very exactly shown ; a drop or two in excess of perman- 
ganate being sufficient to give the necessary pinkish tinge. I attribute the 
different experience obtained by us to the fact, that I invariably use pure 
permanganate of potash for titration, and sulphuric instead of hydrochloric 
acid. 

Potassic ferrocyanide may be estimated, when mixed with sulphocyanide, 
by standard solution of cupric sulphate, the whole of the ferrocyanogen being 
carried down in combination witii the copper : the ending of the titi-atlon 
may be found by bringing a drop of the liquid in contact with a drop of 
ferric chloride on filter paper. If alkaline sulphides be present, the solution 
should be boiled with lead carbonate, filtered, acidified with sulphuric acid, 
then titrated with the copper solution. 



POTASSIC FEBBICYAKIBE. 

K«Cy"Fo==658. 

= Potassic ferricyanide. 



Metallic iron 


X 5-88 


Double iron salt 


X 1-68 


j^ Hyposulphite 


X 00329 



2. By Iodine and HirpoBulpliite. 

This salt can be estimated either by reduction to ferrocyanide 
and titration with permanganate or bichromate as above, or by 
Lens sen's method, which is based upon the fact, that when 
potassic iodide and ferricyanide are mixed with tolerably concen- 
trated hydrochloric acid, iodine is set free 

K'Fe^Cy" + 2KI = 2K*Cy«re + P 

the quantity of which can be estimated by ^^- hyposulphite and 
starch liquor. This method does not, however, give the most satis- 
factory results, owing to the variation produced by working with 
dilute or concentrated solutions. C. Mohr's modification (see 
Zinc, § 78.1) is, however, more accurate, and is as follows: — The 
ferricyanide is dissolved in a convenient quantity of water, potassic 
iodide in crystals added, together with hydrochloric acid in tolerable 
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quantity, then a solution of pure zinc sulphate in excess; after 
standing a few minutes to allow the decomposition to perfect itself, 
the excess of acid is neutralized by sodic carbonate, so that the 
latter slightly predominates. 

At this stage all the zinc ferricyanide first formed is converted 
into the ferrocyanide of that metal, and an equivalent quantity of 
iodine set free, which can at once be titrated with -j^ hyposulphite 
and starch, and with very great exactness. 1 c.c. ^^ hyposulphite 
= 0*0329 gm. potassic ferricyanide. 

The mean of five determinations made by Mohr gave 100-21 
instead of 100. 



3. Beduotion of Ferrl- to Ferro-oyanlde. 

This process is, of course, necessary when the determination by 
permanganate has to be made, and is best effected by boiling the 
weighed ferricyanide with an excess of potash or soda, and adding 
sm£dl quantities of concentrated solution of ferrous sulphate untU 
the precipitate which occurs possesses a blackish colour (signifying 
that the magnetic oxide is formed). The solution is then diluted 
to a convenient quantity, say 300 c.c, well mixed and filtered 
through a dry filter; 50 or 100 c.c. can then be taken, sulphuric 
acid added, and titrated with permanganate as before described. 

Other soluble ferro- or ferri-cyanides can be examined in the same 
way as the potassium salts, and if insoluble, they may generally 
be converted into the latter by boiling with strong caustic potash. 



aOLD. 

Au = 196-5. 
1 c.c. or 1 dm. normal oxalic acid = 0-0655 gm. or 0*655 gm. Gold. 

§ 56. The technical assay of gold for coining purposes is invari- 
ably performed by cupellation. Terchloride of gold is, however, 
largely used in photography and electro-gilding, and therefore it 
may be necessary sometimes to ascertain the strength of a solution 
of the chloride or its value as it occurs in commerce. 

If to a solution of gold in the form of chloride (free from nitric 
acid) an excess of oxalic acid be added, in the course of from 
eighteen to twenty-four hours all the gold will be precipitated in 
the metallic form, while the corresponding quantity of oxalic acid 
has been dissipated in the form of carbonic acid ; if, therefore, the 
quantity of oxalic acid originally added be known, and the excess, 
after complete precipitation of the gold, be found by permanganate, 
the amount of gold will be obtained. 
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Example : A 15-grain tube of the chloride of gold of commerce was dis- 
solved in water, and the solution made up to 800 decerns. 20 dm. of normal 
oxalic acid were then added, and the flask set aside for twenty-four hours in 
a warm, dark place ; at the end of that time the gold had settled, and the super* 
natant liquid was clear and colourless. 100 dm. were taken out with a pipette, 
and titrated with f^^ permanganate, of which 25 dm. were required ; this multi- 
plied bj 8 gives 75 dm. = 7'5 dm normal oxalic acid, which deducted from the 
20 dm. originally added, left 12-6 dm. ; this multiplied by i the equivalent of 
gold (1 eq. of gold chloride decomposing 8 eq. oxalic acid) =0655 gave 
8"195 gm. metallic gold, or multiplied by 101 ( = J eq. Au. CP) gave 
12*625 grn.; either way the result was 84 per cent, of chloride of gold 
instead of 100. 

INDIGK). 

§ 57. This substance, as met with commercially, is of very 
variable composition, and a great many processes have been from 
time to time proposed for estimating the amount of pure indigotin 
or blue matter present. These processes have for the most part 
been based upon experiments made with the pure material, and 
their accuracy has totally disappeared when used upon material 
containing other vegetable or earthy matters, such as are constantly 
to be found in marketable indigo. 

These impurities are mainly indigo-gluten, indigo-brown, indigo- 
red, and ferric oxide, which latter would be found of course in the 
ash. 

The volumetric processes here given are such as have been found 
to give the most accurate results, and may be depended upon for 
technical purposes. In both processes the sample is to be dissolved 
in fuming sulphuric acid previous to being titrated, which is best 
done as follows : — 

1 gm. or 10 gm. respectively of the very finely powdered indigo is put 
into a closely stoppered small flask, or bottle, with 8 gm. or 80 gm. of acid 
(the relation being in each case 1 to 8), together with about a teaspoonfnl of 
small garnets, or if these are not at hand, flint pebbles or broken hard glass, 
the flask closely stoppered and kept for eight or ten hours in a warm place 
not exceeding 50^ G. with frequent shaking ; the sample is then ready for 
examination by either of the following processes : — 



1. By Potaasio Bicliromate (U'K inlay). 

10 grs. of the indigo dissolved as described above are placed in 
a white porcelain basin capable of holding about two pints, and 
diluted with one pint of water, the bottle being repeatedly washed 
out with water so as to remove all colour from the garnets or glass ; 
50-60 grs. of oxalic acid are then added, previously dissolved in a 
few ounces of water ; the whole may now be diluted to about 30 
fluid ounces, and is ready for titration. 

Standard Potassio Bichromate, containing 60 grs. of bichromate in 
1000 dm. of water. Each dm. of this solution equals 1 per cent, of pure 
indigotin. 
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The same solution can of ooune be made on the gram system bjr dissolving 
6 gm. of bichromate in 1 liter of water, so that when 1 gm. of indigo is taken 
for analysis, 1 c.c. of bichromate will also equal 1 per oent. of pure indigo- 
blue. 

The titration is now performed by running the bichromate into the slightly 
warm indigo mixture with frequent stirring, until no blue or green colour oan 
be seen on placing a drop of the mixture on white filtering-paper. 

In adding the bichromate solution to the blue liquor, and particularly 
towards the end of the process, time must be given for each addition to 
produce its effect before a further quantity is pound in. When the operation 
is finished, the mixture will present an olive-green appearance, which, on 
standing a few minutes, will change to a golden brown. The last traces of 
the blue colour are best seen by drying the paper and examining it by 
transmitted light, but a little experience will enable an unpractised eye to 
judge by the appearance of the liquid ; or if any uncertainty prevails, a small 
quantity of the mixture may be taken out into a test-glass, and a drop of the 
re-agent added, when, by comparing it with another portion in a similar glass, 
it will be seen whether any of the blue colour remains. 

When the brown colouring matter of the indigo interferes with the 
purposes to which it is to be applied, 10 grains should be dissolved in 
sulphuric acid in the usual manner, and the solution being made up to I pint, 
slips of stout blotting-paper are introduced into the blue liquid, and kept 
therein for ten minutes, and then dried. By subjecting indigo of known 
strength and purity to the same treatment, ana oomparing the results, it will 
be seen that those indigoes which contain a lai^ proportion of brown matter 
give a green tint to the paper, varying in intensity according to the amount 
present. 

From experiments made Mrith. pure indigo, the amount of 
bichromate required to decolorize the blue solution is less when 
oxalic acid is employed, than when hydrochloric acid with heat is 
used. 



2. By Potasalc ferrioiranide ( XT 11 sr r e n ) . 

This method is based upon the fact that red potassic prussiate 
destroys the blue colour of indigo in the presence of free alkali, by 
converting it into isatin, the reaction being formulated as follows : — 

C"H»NO« + 2K»re«Cy« + 2K0 = C"H»NO* + 4K«reCy». 

The use -of caustic soda or potash, however, is liable to cause a 
dififerent reaction if used in varying quantity, and at higher tem- 
perature; it is therefore advisable to use sodic carbonate as the 
alkali. 

Ullgren's description is as follows (J", a 3. 1865, p. 223) :— 

(1) The quantity of sulphuric acid added to the solution of indigo, should 
not be too great, and the temperature must not exceed SO** C, because, 
especially with impurer sorts of indigo, sulphurous acid in considerable 
quantity is then generated, and combinations with sulphuric acid are obtained, 
part of which are not dissolved in the acid liquid when diluted with water, 
like sulphopurpuric acid. 

The quantity of sulphuric acid found most suitable, is ten times the weight 
of the indigotin and eight times that of the indigo, the acid itself being of 
the strength which is obtained when fuming sulphuric acid is mixed with 
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distilled water until the mixture is only faintly fuming. With this strength 
of acid the formation of a certain portion of sulphopurpuric acid is of less 
consequence ; only, in measuring for titration the diluted liquid must be well 
shaken. 

(2) The indigo solution should be very much diluted, and a sample 
preserved in order to serve as a guide as to the degree of dilution. To pre- 
pare the standard solution, 1 gm. of pure indigotin is dissolved in 10 gm. of 
sulphuric acid, mixed with water to 1 liter of liquid, and 10 c.o. of the 
solution thus obtained are also diluted to 1 liter of liquid ; in this there are, 
consequently, 10 milligrams of indigotin dissolved. The solution of indigotin 
to be tested should be so much diluted that it may be lighter than this sample- 
coloured solution. 

(8) The solution of sodio carbonate should be saturated in the cold. 20 o.c. 
of this solution are mixed with the quantity of indigo solution which has been 
measured and afterwards diluted to be titrated ; it is so proportioned that its 
value of indigotin is about 10 milligrams, but rather below than above this 
quantity. 

(4) The solution of potassio ferric3ranide should also be very dilute. If 
6'023 gm. of this salt be dissolved in 1 liter of water, then with a certain 
quantity of sodic hydrate, 1 c.c. of this solution destroys 1 milligram of 
indigotin. But if sodic carbonate is used in corresponding quantity, another 
reaction takes place, in consequence of which nearly a double quantity of 
ferricyanide is required. This, however, is of no consequence in practice, 
provided it is known how much of a solution of ferricyanide of given strength 
is required to destroy 1 milligram of indigotin in solution, rendered alkaline 
by sodic carbonate. The solution of ferricyanide used in the test experiments 
contained 2'5116 gm. of that salt in a liter, conseq^uently 2 c.c. of it would 
just have changed 1 milligram of indigotin into isatm. 

(5) When sodic carbonate is used, and the liquid is diluted to the degree 
above mentioned, the change of colour is shown in such a way that the blue 
colour gradaally disappears, without distinctly changing into green, as is the 
case when the dilution is less. When the liquid has assumed a grey-yellow 
appearance, or generally when every tint of blue has disappeared, the opera- 
tion may be regarded as complete. 

The titration should be done slowly and with frequent stirring by a glass 
rod, and this is most easily done if the liquid is poured into a large porcelain 
basin, where also the change of colour can be most distinctly observed. 

jExamplet : 1 gm. of pure indigotin was dissolved in 10 gm. of sulphurio 
acid, and the solution was diluted to 1 liter; 10 o.c. of this mixed in a 
porcelain vessel, with 1 liter of water and 20 c.c. of cold saturated solution of 
sodio carbonate, required, of the solution of ferricyanide at a temperature of 
18° G. in three experiments : 34*5, 35*35, 35'5 c.c. : mean 35 c.c. 

1 gm. Bengal indigo, No. 1, which in the reduction, partly with grape 
sugar, partly with ferrous sulphate and soda, was found to yield in even 
numbers 62 per cent, of indigotin, was dissolved in 8 gm. of sulphuric acid, 
and diluted with water to 1 liter ; 10 c.o. of this mixed with f of a liter of 
water and 20 o.c. of a solution of sodic carbonate saturated in the cold, 
required at a temperature of 18° C. in four experiments, 23, 22, 225 and 
23 c.o. of the solution of ferricyanide : mean 226 c.c. But 35 : 22*6=100: 
jr=64'4 per cent, indigotin, consequently 2*4 per cent, more than was shown 
by reduction. 

Similar approximate results, with 2 to 4 per cent, excess over 
those from the method of reduction, were obtained in experimente 
with several other kinds of indigo. 
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IODINE. 
1=126-5. 

1 C.C. j^ hyposulphite=0*01265 gm. Iodine. 

„ „ =0-01655 gm. Potassic iodide. 

1. By DlBtlUation. 

§ 58. Free iodine is of course very readily estimated by solution 
in potassic iodide, and titration with starch and /^ hyposulphite, 
as described in § 35* 

Combined iodine in haloid salts, such as the alkaline iodides, 
must be subjected to distillation with hydrochloric acid, and some 
other substance capable of assisting in the liberation of free iodine, 
which is received into a solution of potassic iodide, and then 
titrated with ^-^ hyposulphite in the ordinary way. Such a sub- 
stance presents itself best in the form of ferric oxide, or some of 
its combinations j if, therefore, hydriodic acid, or what amounts to 
the same thing, an alkaline iodide, be mixed with an excess of 
ferric oxide, and distilled in the apparatus shown in fig. 25 or 
26, the following reaction occurs : — 

Fe»0» + 2IH = 2FeO + H'O + P. 

The best form in which to use the ferric oxide is the double 
sulphate of fen-ic oxide and ammonia or potash (iron alum). 

The iodide and iron alum being brought into the little flask, 
fig. 26, sulphuric acid, of about 1-3 sp. gr. or so, is added, and the 
cork carrying the still tube inserted. This tube is not carried into 
the solution of potassic iodide in this special case, but within a 
short distance of it ; and the end must not be drawn out to a fine 
point, as there represented, but cut off straight. The reason for 
this arrangement is, that it is not a chlorine distillation for the 
purpose of setting iodine free from the iodide solution, as is usually 
the case, but an actual diBtillation of iodine, which would speedily 
choke up the narrow point of the tube, and so prevent the further 
progress of the operation. 

As the distillation goes on, the steam washes the condensed 
iodine out of the tube into the solution of iodide, which must be 

* I would Jiere agaia impress upon the operator's notice that it is of great importance 
to ascertain the exact strength of the stanoard solutions of iodine and hyposulphite as 
compared with each other. Both solutions constantly undergo an amount of ohimge 
depending upon the temperature at which they are kept, their exposure to light, etc., 
ana thermore it is absolatebr necessary, to ensure exactness in the multifarious analyses 
which con he made by the aid of these two re-ogents, to verify their agreement by weigh- 
ing a smaU portion ox pure dry i^diqe at intern^, md titrating it with the standard 
hyposulphite. 

M 
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present in sufficient quantity to absorb it all. When no more 
violet vapours are to be seen in the flask, the operation is ended ; 
but to make sure, it is well to empty the solution of iodine out 
of the condensing tube into a beaker, and put a little fresh iodide 
solution with starch in, then heat the flask again ; the slightest traces 
of iodine may then be discovered by the occurrence of the blue 
colour when cooled. In case this occurs, the distillation is con- 
tinued a little while, then both liquids mixed, and titrated with 
f'jj hyposulphite as usual. 

Ferric chloride may be used instead of the iron alum, but it 
must be free from nitric acid or active chlorine (best prepared 
from dry Fe^O' and HCl). 

The analysis may be checked by titrating the ferrous oxide in the 
retort with ^-^ permanganate or bichromate. 



2, Uixtures of Iodides, Bromides, and OUorideB. 

Donath (Z. a C. xix. p. 19) has shown that iodine may be 
accurately estimated by distillation in the presence of other halogen 
salts, by means of a solution containing about 2 to 3 per cent, of 
chromic acid, free from sulphuric acid. 

In the case of iodides and chlorides together the action is perfectly 
regular, and the whole of the iodine may be received into potassic 
iodide without any interference from the chlorine. 

In the case of bromides being present, the chromic solution must 
bo rather more dilute, and the distillation must not be continued 
more than two or three minutes after ebullition has commenced, 
otherwise a small amount of bromide is decomposed. 

The reaction in the case of potassic iodide may be expressed 
thus : — 

6KI + 8CrO« = P + CrO» + SK^Cr'O^ 

The distillation may be made in Mohr's apparatus (fig. 26), 
using about 50 c.c. of chromic solution for about 0"3 gm. I. 
The titration is made with hyposulphite in the usual way. 



3. Titration with jq Silver and Sulphocyanate. 

The sulphocyanate and silver solutions are described in § 39. 

The iodide is dissolved in 300 or 400 times its weight of water 
in a well-stoppered flask, and ^^ silver delivered in from the burette 
with constant shaking until the precipitate coagulates, showing that 
silver is in excess. Ferric indicator and nitric acid are then added 
in proper proportion, and the excess of silver estimated by sulpho- 
cyanate as deseribed in § 39. 
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4. Oxidation of combined Iodine by Chlorine (Oolfier Besseyre 
and Dnpre), 

This wonderfully sharp method of estimating iodine depends 
upon its conversion into iodic acid by free chlorine. When a 
solution of potassic iodide is treated with successive quantities of 
chlorine water, first iodine is liberated, then chloride of iodine 
(ICl) formed. If starch, chloroform, benzole, or bisulphide of 
carbon be added, the first will be turned blue, while any of the 
others will be coloured intense violet. A further addition of chlorine, 
in sufficient quantity, produces pentachloride of iodine (ICP), or 
rather, as water is present^ iodic acid (ICH). No coloration of the 
above substances is produced by these compounds, and the 
accuracy with which the reaction takes place has been made use of 
by Golfier Besseyre and Dupr6, independently of each other, 
for the purpose of estimating iodina The former suggested the use 
of starch, the latter chloroform or benzole, with very dilute chlorino 
water. Dupr^'s method is preferable on many accounts. 

SxamfU : 80 c.o. of weak chlorine water were put into a beaker with 
potassio iodide and starob, and then titrated with y'^ hyposulphite, of which 
17 c.o. were required. 

10 CO. of solution of potaflsic iodide containing 0010 gm. of iodine were 
put into a stoppered bottle, chloroform added, and the same chlorine water as 
above deliveied in from the burette, with constant shaking, until the red 
colour of the chloroform had disappeared ; the quantity used was 85*8 c.c. 
The excess of ohlorine was then ascertained by adding sodic bicarbonate, 
potassic iodide, and starch. A slight blue colour occurred ; this was removed 
by vi hyposulphite, of which 1*2 c.c. was used. Now, as 30 c.c. of the 
chlorine solution required 17 c.o., the 85*8 c.c. required 48'62 c.o. of hypo- 
sulphite. From this, however, must be deducted the 1*2 c.c. in excess, 
leaving 47*42 c.c. ^J^j^ 4*742 c.o. of y^ hyposulphite, which multiplied by 
0*00211, the one-sixth of Tvhv ^q- (^ eq. of iodic acid liberating 6 eq. iodine), 
gave 0*010056 gm. iodine instead of 0*01 gm. 

Mohr suggests an improvememt upon this method, which dis- 
penses with the use of chloroform, or other similar agent. 

The weighed iodine compound is brought into a stoppered flask, and 
ohlorine water delivered from a large burette in excess, that is, until all 
yellow colour has disappeared. A drop of the mixture brought In contact 
with a drop of starch liquor produces no blue colour ; sodio bicarbonate is 
then added till the mixture is neutral or slightly alkaline, together with 
potassic iodide and starch ; the blue colour is then removed by ^ hyposul- 
phite. The strength of the chlorine water being known; the oalcuJation 
presents no difficulty. 

Mohr obtained by this means 0*010108 gm. iodine, instead of 
1-01 gm. 

M 2 
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6. Oxidation by Penuanff an ate (B e i n 1 gr e) . 

This process for estimating iodine in presence of bromides and 
chlorides gives satisfactory results. 

When potassic iodide and permanganate are mixed, the rose 
colour of the latter disappears, a brown precipitate of manganic 
peroxide results, and free potash with potassic iodate remain in 
solution. 1 eq. 1 = 126-5 reacts on 1 eq. K^Mn*0« = 316, thus— 

KI+K*MnW=KIO»+K^O + 2MnO^ 

Heat accelerates the reaction, and it is advisable, especially with 
weak solutions, to add a small quantity of potassic carbonate to 
increase the alkalinity. No organic matter must be present. 

The permanganate and hyposulphite solutions required in the 
process may conveniently be of -^ strength, but their reaction upon 
each other must be definitely fixed by experiment as follows : — 
2 c.c. of permanganate solution are freely diluted with water, a few 
drops of sodic carbonate added, and the hyposulphite added in very 
small portions until the rose colour is just discharged. The slight 
turbidity produced by the precipitation of hydrated manganic 
oxide need not interfere with the observation of the exact point. ^^ 

The Anialytical Process : The iodine compound being dissolved in water, 
and always existing only in combination with alkaline or earthy bases, is 
heated to gentle boiling, rendered alkaline with sodic or potassic carbonate, 
and permanganate added till in distinct excess, best known by removing the 
liquid from the fire for a minute, when the precipitate will subside, leaving 
the upper liquid rose-coloured ; the whole may then be poured into a 500-c.c. 
flask, cooled, diluted to the mark, and 100 c.c. taken out for titration with 
hyposulphite. The amount so used, being multiplied by 5, will give the 
proportion required for the whole liquid, whence can be calculated the 
amount of iodine. To prove the accuracy of the process in a mixture of 
iodides, bromides, and chlorides, with excess of alkali, the following experi- 
ment was made. 7 gm. commercial potassic bromide, the same of sodic 
chloride, with 1 gm. each of potassic hydrate and carbonate, were dissolved 
in a convenient (quantity of water, and heated to boiling ; permanganate was 
then added cautiously to destroy the traces of iodine and other impurities 
affecting the permanganate so long as decoloration took place ; the slightest 
excess showed a green colour (manganate). To the mixture was then added 
01246 gm. pure iodine, and Uie titration continued as described ; the result 
was 0125 gm. I. 

With systematic solutions of permanganate and hyposulphite 
the calculation is as follows : — 

I c.c. ^Q solution = 0-01265 gm. I. 
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6 . By Kitr ous Add and Oarbon Blfinlphlde (FresenluB). 

This process requires the following standard solutions : — 
(a) Potasstc iodide, about 5 gm. per liter. 
(h) Sodic hypoaidpkife, ^ normal, 12*4 gm. per liter or there- 
about. 

(c) Nitrous acid, prepared by passing the gas into tolerably 
strong sulphuric acid until saturated. 

(d) Pure carbon bisidphide. 

(e) Solution of sodic bicarbonate, made by dissolving 5 gm. of 
the salt in 1 liter of water, and adding I c.c. of hydrochloric acid. 

The strength of the sodic hyposulphite in relation to iodine is 
first ascertained by placing 50 c.c. of the iodide solution into a 
500 C.C. stoppered flask, then about 150 c.c. water, 20 c.c. carbon 
bisulphide, then dilute sulphuric acid, and lastly, 10 drops of the 
nitrous solution. The stopper is then replaced, and the whole well 
shaken, set aside to allow the carbon liquid to settle, and the super- 
natant liquid poured into another clean flask. The carbon bisul- 
phide is then treated three or four times successively with water in 
the same way till the free acid is mostly removed, the washings 
being all mixed in one flask ; 10 c.c. of bisulphide are then added 
to the washings, well shaken, and if at all coloured, the same 
process of washing is carried on. Finally, the two quantities of 
bisulphide are brought upon a moistened filter, washed till free 
from acid, a hole made in the filter, and the bisulphide which now 
contains all the iodine in solution allowed to run into a clean small 
flask, 30 c.c. of the sodic bicarbonate solution added, then brought 
under the hyposulphite burette, and the solution allowed to flow 
into the mixture while shaking until the violet colour is entirely 
discharged. The quantity of hyposulphite so used represents the 
weight of iodine contained in 50 c.c. of the standard potassic 
iodide, and may be used on that basis to ascertain any unknown 
weight contained in a similar solution. 

When very small quantities of iodine are to be titrated, weaker 
s6lutions and smaller vessels may be used. 



7. By ^ Silver Solution and Starch Iodide (P i 8 a n i ) . 

The details of this process are given under the head of silver 
assay (§ 70.2), and are of course simply a reversal of the method 
there given. This method is exceedingly serviceable for estimating 
small quantities of combined iodine in the presence of chlorides 
and bromides, inasmuch as the silver solution does not react upon 
these bodies until the blue colour is destroyed. 
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IBON. 

Fe = 66. 

Factors. 

1 C.C. ^\ pennanganate, bichromate, 

or hyposulphite = 0-0066 Fe 

„ „ „ = 0-0072 FeO 

= 0-0080 Fe«0» 
„ „ „ = 00392 Double iron salt. 

1. EBtimation in the Ferrous State. 

§ 69. The estimation of iron in the ferrous state has already 
been incidentally described in §§ 31, 32, and 34. The present 
section is an amplification of the methods there given, as applied 
more distinctly to ores and products of iron manufacture ; but 
before applying the permanganate or bichromate process to these 
substances, and since many operators prefer, with reason, to stan- 
dardize such solutions upon metallic iron, esp^ially for use in 
iron analysis, the following method is given as the best : — 




Fig. 31. 

A piece of soft iron wire is well cleaned with scouring paper, and about 
1 gram accurately weighed ; this is placed into a 250-c.o. boiling flask a, and 
100 CO. of dilute pure sulphuric acid (1 patt concentrated acid to 5 of water) 
poured over it ; about a gram of sodic bicarbonate is then added, and the 
apparatus fixed together as in fig. 29, the pinch-cock remaining open. The 
flask a is closed by a tight-fitting india-rubber stopper, through which is 
passed the bent tube. The flask c contains 20 or 80 c.c, of pure distilled 
water ; the flask a being supported oyer a lamp is gently heated to boiling, 
and kept at this temperature until all the iron is dissolved ; meanwhile about 
300 c.c. of.distilled water are boiled in a separate vessel to remove all air, and 
allowed to cool. As soon as the iron is dissolved, the lamp is removed, and 
the pinoh-cock closed ; when cooled somewhat, the pinch-cock is opened, and 
the wash water sufiered to flow back togetiier with the boiled water, which is 
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added to it until the flask is filled nearly to the mark. The apparatus is 
then disconnected, and the flask a securely corked with a solid rubber cork, 
and suffered to cool to the temperature of the room. Finally, the flask is 
filled exactly to the mark with the boiled water, and the whole well shaken 
and mixed. When the small portion of undissolved carbon has subsided, 
60 C.C., e^ual to ^ the weight of iron taken, may be removed with the pipette 
for titration with the permanganate or bichromate. 

In the case of permanganate the 50 c.c. are freely diluted with freshly boiled 
and cooled distilled water, and the standard solution cautiously added from 
a tap burette, divided into -jV o.c., until the rose colour is faintly perceived. 

In the case of bichromate the solution should be less diluted, and the 
titration conducted precisely as in § 84. 

Stock (C N. xxxix. p. 47) gives a diagram and description of 
a single flask and funnel, which is well adapted for the solution of 
iron or iron ores in acids, with exclusion of air. 

If the solution of permanganate or bichromate have been carefulljr pre- 
pared by wei^^hing the purest re-agents, the probabiiitv is that they will be 
found exact in the titration when conducted aspust described, allowing for 
the known average impurity in metallic iron, which may be taken at 0'4 per 
cent.; but in order to be absolutely secure in the working power of the 
solution, it is well to prove them thoroughly, and in case non-systematic 
solutions are used, it is of course absolutely necessary to do so. Therefore, 
supposing that 1*050 gm. of iron has been dissolved as above described, and 
the mean of three separate titrations has shown that 21*8 c.c. of permanga- 
nate have been required, the amount of pure iron converted by 100 c.c. of 
standard solution is found as follows : — * J* =0*210 gm. of iron wire, but as 
this is not pure iron, the following correction is necessary — 0'210 x 0*996= 
0*20915 gm., which is the actual weight of pure iron — hence by the equation 
21-3 C.C. : 0*20915 gm. = 100 c.c. : a? gm. = 0*98197 gm., therefore 100 c.c. 
of such permanganate represent 0*98197 gm. pure metallic iron. 

The same calculations are of course applicable to bichromate 
solution, but as the ending of the process is obtained by an external 
indicator, the titration should be repeated two or three times so as 
to insure the greatest accuracy. 

The double iron salt is a most convenient material for adjusting 
standard solutions, but it must be most carefully made from pure 
materials, dried perfectly in the granular form, and kept from the 
light in small dry bottles, well closed. In this state it will keep 
for years unchanged, and only needs immediate solution in water 
for use. Even in the case of the salt not being strictly free from 
ferric oxide, due to faulty preparation, if it be once thoroughly 
dried, and kept as above described, its actual ferrous strength may 
be found by comparison with metallic iron, and a factor found for 
weighing it in system. 

One cardinal point must never be forgotten ; namely, that ferrous 
compounds are much more stable in sulphuric than in hydrochloric 
acid solution, and whenever possible, sulphuric acid should be used 
as the solvent. When hydrochloric acid must be used, strict 
attention should be given to the precautions mentioned in § 31 .3. 
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2. EBtimation of the Per-centagre of Pure Iron in Steel, Cast and 
Wronfflit Iron, Splegeleiseo, &o. (Molir's Method.) 

Instead of the hitherto common method of separately estimating 
the impurities in samples of manufactured iron and steel, this 
process is adapted to the delicate estimation of the iron itself, and 
is similar in principle to the assay of silver by Gay Lussac's 
method ; that is to say, the analysis is so arranged that the greatest 
accuracy shall be secured. 

The standard solutions of potassic bichromate, of which there arc 
two, are so prepared that 100 c.c. or dm. of the first will exactly 
convert respectively 1 gm. or 10 grains of iron into peroxide; 
the second, or decimal solution, is one-tenth the strength of the 
first. 

The solution of bichromate No, 1 is prepared by dissolving 8*785 
gm. of the pure salt in 1 liter, or 87*85 grn. in 10,000 grains of 
distilled water at 16° C. The decimal solution No. 2 is made by 
taking 100 c.c. of No. 1 and diluting it to 1 liter, or 100 decerns 
to 10,000 grains; therefore — 

100 C.C. or dm. of No. 1=0*01 gm. or 0*1 grn. iron. 
100 C.C. or dm. of No. 2=0*001 gm. or 0*01 gm. ditto. 

The Analytical Process : The sample of iron to be examined is reduced 
to powder in a hardened steel mortar, or if in the form of wire, or in a soft 
state, cut into small pieoes, and exactly 1*050 gm. or 10*50 gm. weighed off; 
this is brought into the apparatus, fig. 29, or some similar arrangement, 
and dissolved in pure hydrochloric or sulphuric acid. When the solution is 
accomplished, 100 c.c or dm. of bichromate solution No. 1 (containing 
08785 gm. or 8*758 gm. of biohromate, which is exactly sufficient to peroxi- 
dize respectively 1 gm. or 10 gm. of pure iron) are added ; the decimal 
solution is then added from a small burette, until a drop of the mixture 
brought in contact with red potassic prussiate, no longer produces a blue 
colour. The analysis is then calculated in the usual way. 

Example: 1*05 gm. of Bessemer steel was dissolved in pure sulphuric 
acid, 100 c.c. of bichromate No. 1 added, and afterwards 39 c.c. of No. 2 
required for complete oxidation ; consequently there was 1*089 gm. of pure 
iron contained in the 1050 gm. taken for analysis. This is equal to 989*4 
parts per thousand, or 98*94 per cent. 

Instead of the empirical solutions here described, the ordinary 
decinormal and centinormal solutions of bichromate, or perman- 
ganate may be employed with equal accuracy. As 100 c.c. of 
ctecinormal solution are equal to 0*66 gm. of pure iron, it is necessary 
that somewhat more than this quantity of the sample should be 
weighed, say 0*58 or 0*60 gm. 100 c.c. of decinormal solution 
are then added, and the analysis completed with the centinormal 
solution. 
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Bednotlon of Ferric Oompoiinds to the FerrouB State. 

This may he acoomplished by metallio zinc, for use with permanganate, or by 
stannous chloride, for bichromate solution. Some operators use ower reducing 
agents, such as sodio sulphite or hyposulphite, hydric sulphide or ammonio 
sulphide, Ac., but the zinc or tin methods are simpler and better. In the case 
of zino being used, the metal must either be free from iron, or if it contain 
any, the exact quantity must be known and allowed for ; and further, the 
pieces of zinc used must be entirely dissolved before the solution is titrated. 
The best form of zinc to use for this purpose is obtained by powdering the 
metal in a mortar heated to 210°, then sifting out the fine dust, and pre- 
serving the granular particles for use. 

In the case of stannous chloride the solution must be clear, and is best made 
to contain 10 to 15 gm. per liter, as directed in § 84.2. The point of exact 
reduction in the boiling hot liquid may be known very closely by the discharge 
*A colour in the ferric solution ; but may be made sure by the use of a freshly 
made solution of potassic sulphocyanide spread in drops on a white plate, care 
being taken to lose no time in bringing the drop of iron solution in contact with 
the test, in order to avoid re-oxidation from the air. The occurrence of a 
faint pink tinge may be accepted as an evidence of the proper point. When 
this occurs, two or three drops of the standard bichromate may be added to 
the solution, and another test made ; if this shows a slight, but nevertheless 
distinct accession of colour with the sulphocyanide, the absence of stannous 
salt in excess is proved, and the titration should be commenced at once. 



ESTIMATION OF IBOK IK THE FEBBIC STATE. 
1. Direct Titration of Iron by Stannous Chloride. 

§ 60. The reduction of iron from the ferric to the ferrous state 
by this re-agent has been previously referred to j and it will bo 
readily seen that the principle involved in the reaction can be made 
available for a direct estimation of iron, being, in fact, simply a 
reversion of the ordinary process by permanganate and bichromate. 

Fresenius has recorded a series of experiments made on the 
Aveak points of this process, and gives it as his opinion that, with 
proper care, the results are quite accurate. The summary of his 
process is as follows : — 

(a) A solution of ferric oxide of known strength is first prepared by 
dissolving 10*04 gm. of soft iron wire ( =10 gm. of pure iron) in pure hydro- 
chloric acid, adding potassic chlorate to complete oxidation, boihng till the 
excess of chlorine is ramoved, and diluting the solution to 1 liter. 

(b) A clear solution of stannous chloride, of such strength that about 
one volume of it and two of the iron solution are required for the complete 
reaction (see § 84.2). 

(c) A solution of iodine in potassic iodide, containing about 0*010 gm. 
of iodine in 1 c.c. (if the operator has the ordinary decinormal iodine solu- 
tion at hand, it is equally applicable). The operations are as follows : — 

(1) 1 or 2 C.C. of the tin solution are put into a beaker with a little starch 
liquor, and the iodine solution added from a burette till the blue colour 
occurs ; the quantity is recorded. 

(2) 60 c.e. of the iron solution (=0*5 gm. of iron) are put into a small flask 
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with a little hydrochloric acid, and heated to gentle hoiling (preferably on a 
hot plate) ; the tin solution is then allowed to flow in from a burette until 
the yellow colour of the solution is nearly destroyed ; it is then added drop 
by drop, waiting after each addition until the colour is completely gone, and 
the reduction ended. If this is carefully managed, there need be no more 
tin solution added than is actually required ; howcTer, to guard against any 
error in this respect, the solution is cooled, a .little starch liquor added, and 
the iodine solution added by drops untfl a permanent blue colour is obtained. 
As the strength of the iodine solution compared with the tin has been found 
in 1, the excess of tin solution corresponding to the iodine used is deducted 
from the original quantity, so that by this means the volume of tin solution 
corresponding to 05 gm. of iron is found. 

The operator is, therefore, now in a position to estimate any 
unknown quantity of iron which may exist, in a given solution, in 
the ferric state, by means of the solution of tin. 

If the iron should exist partly or wholly in the state of ferrous 
oxide, it must be oxidized by the addition of potassic chlorate, and 
boiling to dissipate the excess of chlorine, as described in a. 

Example : 60 c.c. of iron solution, containing 0*5 gm. of iron, required 
25 c.c. of tin solution. * 

A solution containing an unknown quantity of iron was then taken for 
analysis, which required 20 cc, consequently a rule-of -three sum gave the 
proportion of iron as follows : — 

25 : 0*60 gm. : : 20 : 0*40 gm. 

It must be remembered that the solution of tin is not permanent, conse- 
quently it must be tested every day afresh, unless it is preserved in the 
manner described in § 84.2. Two conditions are necessary in order to 
ensure accurate results. 

(1) The iron solution must be tolerably concentrated, since the end of 
the reduction by loss of colour is more distmct ; and further, the dilution of 
the liquid to any extent interferes with the quantity of tin solution neces- 
sary to efl'ect the reduction. Fresenius found that by diluting the 10 c.c. 
of iron solution with 80 c.c. of distilled water, 0*1 c.c. more was required 
than in the concentrated 8tat«. This is, however, always the case with 
stannous chloride in acid solution, and constitutes the weak point in Str en g's 
method of analysis by its means. It would seem that dilution either predis- 
posed it to rapid oxidation, or that water had the power within i^elf to 
communicate a certain proportion of oxygen to it. 

(2) The additibn of the tin solution to the iron must be so regulated, 
that only a very small quantity of iodine is necessary to estimate the excess ; 
if this is not done another source of error steps in, namely, the influence 
which dilution, on the one hand, or the presence of great or small quantities 
of hydrochloric acid on the other, are known to exercise over this reaction. 
Practically, it was found that where the addition of tin to the somewhat 
concentrated iron solution was cautiously made, so that the colour was just 
discharged, the mixture then rapidly cooled, starch added, and then iodine 
till it became blue, the estimation was extremely accurate. 



2. Titration by Sodio Hyposulphite. 

Schcrer first suggested the direct titration of iron by hypo- 
sulphite, which latter was added to a solution of ferric, chloride 
until no further violet colour was produced. This was found by 
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many to be inexact, but Kremer {Jowm. /. Pract. Chem. Ixxxiv. 
339) has made a series of practical experiments, the result of which 
is that the following modified method can be highly recommended. 
The reaction which takes place between sodic hyposulphite and 
ferric chloride is such as to produce ferrous chloride, sodic tetra- 
thionate, and sodic chloride. 2S*0»JSra^ + Fe^CP + 2HC1 = S*0«H« + 
4]N'aCl + 2FeCP. The hyposulphite, which may conveniently be of 
i^ strength, is added in excess, and the excess determined by 
iodine and starch. 

The Analytical Process: The iron solution, containin|^ not more than 
1 per cent, of metal, whioh must exist in the ferric state without any excess 
of oxidizing material (best obtained by adding concentrated potaisic per- 
manganate until the red colour is produced, then boiling till both that and 
any free chlorine is expelled), is moderately acidified with hydrochloric acid, 
sodic acetate added till the mixture is red, then dilute hydrochloric acid until 
the red colour disappears ; then diluted till the iron amounts to i or i per cent., 
and ^ hyposulphite added in excess, best known by throwing in a particle 
of potASsio Bulphocvanide after the yiolet colour produced by the hyposulphite 
has disappeared; if any red colour occurs, more hyposulphite must be added. 
Starch liquor and ^ iodine are then used to ascertain the excess of hyposul- 
phite. Each CO. of the latter is equal to 0*0056 gm. iron. A mean of several 
experiments gave 10006 Fe, instead of 100. 

Oudemanns.' Method.— A simpler process for the direct titra- 
tion of iron by hyposulphite has been devised by Oudemanns 
(Z. a. (7. vi. p. 129, and ix. p. 342), which gives very good results. 

The Analytical Process : To the dilute ferric solution, which should not 
contain more than 0*1 to 0*2 gm. of Fe in 100 c.c, nor much free hydrochloric 
add, 8 o.c. of 1-per-cent. solution of cupric sulphate are added, 2 c.c of con- 
centrated hydrochloric acid, and to about every 100 c.c. of fluid, 1 c.c. of a 
1-per-cent. solution of potassio sulphocyanide. 

The mixture may with advantage be very slightly ^farmed, and the 
hyposulphite delivered in from the burette at first pretty freely. The red 
colour produced by the sulphocyanide gradually 'fades away ; as this occurs, 
the hyposulphite must be mded in smaller quantities, constantly agitating 
the liquid until it becomes as colourless as pure water. If any doubt existo 
as to tiie exaot ending, a slight excess of hyposulphite may be added, and the 
quantity found by ^^ iodine and starch. Greater accuraoy will always be 
insured by adding hjrposulphite in excess, then starch liquor, and titrating 
backward with iodine till the blue colour appears. 

The accuracy of the process is not interfered with by the 
presence of salts of the a&alies, strontia, lime, magnesia, alumina, 
or manganous oxide ; neither do salts of nickel, cobalt, or copper, 
unless their quantity is such as to give colour to the solution. 

Oudemanns believes that the small proportion of copper solution 
added has a kind of catalytic efifect in determining the reduction of 
the iron. This appears, however, doubtful, since Popp (Z. a. C. 
V. Beildein, No. 11, 1870) states that equally good effects are 
obtained by omitting the copper and heating the solution to 40* C. 
The original process with copper does not necessarily require any 
heating, and this favours Oudemanns' view. 
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The process is a rapid one, and with care gives very satisfactory 
results. 

The free iodine is titrated with hyposulphite and starch ; 1 c.c. 
/V hyposulphite = 0-01265 gm. of I., or 0-0066 gm. of Fe. 



8. EBtimation by Potasslo Iodide and Sodic Hyposnlpliite. 

When ferric chloride 4s digested with potassic iodide in excess, 
iodine is liberated, which dissolves in the free potassic iodide — 

FeCl' + KI - FcCP + KCl + 1. 

The Analytical Process: The hydroohloric acid solution, whioh must 
contain no free chlorine or nitric acid, and all the iron in the ferric state, is 
nearly neutralized with caustic potash or soda, transferred to a well-stoppered 
flask, and an excess of strong solution of potassic iodide added ; it is then 
heated to W or 60"* 0. on the water bath, closely stoppered, for about twenty 
minutes; the flask is then cooled, starch liquor added, and titrated with 
hyposulphite till the blue colour disappears. This process gives very satis- 
factory results in the absence of all substances liable to affect the potassic 
iodide, such as free chlorine or nitric acid, and is particularly serviceable for 
estimating small quantities of iron. 



4. Estimation cf Iron by Colour Titration. 

This method, which approaches in delicacy the Nessler test for 
ammonia, is applicable for very minute quantities of iron, such as 
may occur in the ash of bread when testing for alum, water residues, 
and similar cases. With care very exact results are to be obtained. 

It is first necessary to have a standard solution of iron in the ferric state, 
which can be made by dissolving 1004 gm. of iron wire in nitro-hydroohlorio 
acid, precipitating with ammonia, washing and re-dissolving the ferric oxide 
in a little hydrochloric acid, then diluting to 1 liter. 1 c.c. of this solution 
contains 1 milligram of pure iron in the form of ferric chloride. It may be 
further diluted, when required, so as to contain i\ji milligram in a c.c, as in 
the ca«e of ammonia solution for Nesslerizing.* The solution used for 
striking the colour is potassic ferrocyanide dissolved in water (1 : 20). 

JExampU : The material containing a minute unknown c[uantity of iron, 
say a water residue, is dissolved in hydrochloric acid, and diluted to 100 cc, 
or any other convenient measure. 10 c.c. are placed into a white glass cylinder 
marked at 100 cc, 1 c.c of concentrated nitric acid added (the presence of 
free acid is always necessary in this process), then diluted to the mark with 
distilled water, and well stirred. 

1 cc of ferrocyanide solution is then added, well mixed, and allowed to 
stand at rest a few minutes to develop the colour. 

A similar cylinder is then filled with a mixture of, say, 1 cc. of standard 
iron solution, 1 cc nitric acid and distilled water, and 1 cc ferrocyanide 

• A solution of the same strength can also be made by weighing 007 gm. of pure 
ammonic ferrous sulphate (§ 31.2a^ dissolving in water, acidifying with sulphuric acid, 
adding sufficient permanganate solution to convert the iron exactly into ferric salt, then 
diluting to 1 liter. 
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added; if this does not approach the colour of the first mixture, other 
quantities of iron are tried until an exact similarity of colour occurs. The 
exact strength of the iron solution being known, it is easy to arrive at the 
quantity of pure iron present in the substance examined, and to convert it 
into its state of oombination by calculation. The colorimeter may of course 
be here used with advantage. 



IBOK ORES. 

§ 61. In the analysis of iron ores it is very often necessary to 
determine not only the total amount of iron, but also the state in 
which it exists ; for instance, magnetic iron ore consists of a 
mixture of the two oxides in tolerably definite proportions, and it is 
sometimes advisable to know the quantities of each. 

In order to prevent, therefore, in such cases, the further oxidation 
of the ferrous oxide, the little flask apparatus (fig. 32) adopted by 
Mohr is highly recommended, or fig. 31 is equally serviceable. 




Fig. 32. 

The left>hand flask contains the weighed ore in a finely powdered state, to 
which tolerably strong hydrochloric acid is added ; the other flask contains 
distilled water only, the tube from the first flask entering to the bottom of the 
second. When the ore is ready in the flask and the tubes fitted, hydrochloric 
acid is poured in, and a few grains of sodic bicarbonate added to produce a 
flow of carbonic acid. The air of the flask is thus dispelled, and as the acid 
dissolves the ore, the gases evolved drive out in turn the carbonic acid, 
which is partly absorbed by the water in the second flask. When the ore is 
all dissolved and the lamp removed, the water immediately rushes out of the 
second flask into the first, diluting and cooling the solution of ore, so that, in 
the majority of cases, it is ready for immediate titration. If not sufficiently 
cool or dilute, a sufficient quantity of boiled and cooled distilled water is 
added. 
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When the total amount of iron present in any sample of pre has 
to be determined, it is necessary to reduce any peroxide present to 
the state of protoxide previous to titration. 

Redvction to the Ferrom state. — When permanganate is to be 
used for titration the reduction is always best made with zinc. 
With bichromate, the best agent is either pure sodic sulphite, free 
from hyposulphite and bisulphite, or stannous chloride. 

It is often difficult to tell by mere colour whether the iron in any 
given solution is completely reduced to the feiTous state. In such 
cases it is always advisable to spread a few drops of solution of 
potassic sulphocyanate on a white porcelain tile, and bring a drop 
of the iron solution in contact with this re-agent. A distinct red 
colour is a sure indication that reduction has not completely 
occurred; a mere faint tinge is not an indication, because the 
reaction is so delicate that mere exposure to the air will produce an 
infinitesimal portion of Fe*0', sufficient to give a faint colour. 

Titration of the Iron Ore Solution, — Owing to the fact that 
hydrochloric acid is in most instances the only solvent for some 
kinds of iron ore, technical operators often prefer bichromate to 
permanganate for titration. The reasons for this preference are 
twofold; namely, the irregularity which is liable to occur in the 
presence of hydrochloric acid (§31 .3), and the deep colour of the 
ferrous chlorida The first, however, may be set aside by proper 
precautions, and the second, by the use of lamp or gaslight instead 
of daylight. If tlie solution of the ore is well diluted and the liquid 
cold, the end of the reaction is very delicate ; nevertheless, without 
special practice and judgment the bichromate method will be found 
the best in all cases where hydrochloric acid has to be used. 

Hart recommends permanganate as the best re- agent for titration. 
He heats the ore to redness in a porcelain tube, for three hours at 
least, in a stream of hydrogen ; then cools, and adds it to boiling 
dilute sulphuric acid, at the same time passing a stream of hydrogen 
through the liquid, and titrates with permanganate in the ordinary 
way. Coal-gas is ixiapplicable, as some of its constituents absorbed 
by the acid act on the permanganate. 

Some brown haematites, reduced by this method, yield an iron 
almost insoluble in the acid. Drown proposes to heat such ores 
in air or oxygen, to bum off carbonaceous matter before passing 
hydrogen over them ; the iron then reduced dissolves easily. Most 
magnetic ores yield an insoluble portion containing iron ; for such 
ores this method is no better tlian ordinary ones. 

Direct Titration with Stannous Chloride, — This method of 
estimating ferric iron in ores is extremely expeditious ; and when 
the solution of iron is strongly acid and sufficiently hot, the results 
are very concordant, and especially adapted to the technical examina- 
tion of mining samples. 
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Drown dissolves iron ore in hydrochloric acid, evaporates nearly 
to dryness, adds a little water, and then stannous chloride from a 
burette. The excess of stannous chloride is estimated by adding 
starch and standard iodine. The iron solution should be tolerably 
concentrated and warm; the tin solution is best freshly prepared: 
1 C.C. = 0*012 gm. iron = 3 c.c. iodine or thereabout Ten assays 
gave a mean of 38 "235 per cent. ; two assays with permanganate 
gave 38-17, and two gravimetric determinations gave 38*1 4 per cent, 
of iron. The author made four simultaneous assays in eighty 
minutes, the tin solution being prepared whilst the ores were 
dissolving. Metallic iron dissolved in hydrochloric acid with a 
little potassic chlorate, the solution being evaporated nearly to 
dryness, is used to standardize the tin solution. 



1. Bed and Brown Hsematltes. 

Bed haematite consists generally of ferric oxide accompanied with 
matters insoluble in acids. Sometimes, however, it contains phos- 
phoric acid, manganese, and earthy carbonates. 

Brown haematite contain^ hydrated ferric oxide, often accompanied 
by small quantities of ferrous oxide, manganese, and alumina; 
sometimes traces of copper, zinc, nickel, cobalt, with lime, magnesia 
and silica ; occasionally also organic matters. 

In cases where the total iron only has to be estimated, it is 
advisable to reduce the ore to fine powder ; ignite gently to destroy 
organic matters, then treat with strong hydrochloric acid at near 
boiling heat till all iron is dissolved, and in case ferrous oxide is 
present add small quantities of potassic chlorate, afterwards 
evaporating to dryness to dissipate free chlorine ; then dissolve the 
iron with hot dUute hydrochloric acid, filter, and make up to a 
given measure for titration. 

In some instances the insoluble residue persistently retains some 
iron in an insoluble form ; when this occurs, resort must be had to 
fluxing the residue with potassic bisulphate, followed by solution 
in hydrochloric acid. 



2. Magnetic Iron Ore. 

The ferrous oxide is determined first by means of the apparatus 
fig. 31 or 32. The ore is put into the vessel in a state of fine 
powder, strong hydrochloric acid added, together with a few grains 
of sodic bicarbonate, or still better, magneaite, and heat applied 
gently with the lamp until the ore is dissolved, then diluted if 
necessary, and titrated with potassic bichromate or permanganate. 
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Example : 0*5 gm. of ore was treated aa above, and required 19'5 c.c. of 
1^ bichromate, which multiplied by 00066 gave 0-1092 gm. of iron= 
01404 gm. of ferrous oxide =28'08 per cent. 

The ferric oxide was now found by reducing 0*5 gm. of the same ore, and 
estimating the total iron present : the quantity of bichromate required was— 

59 c.c. ^\ =0-3304 gm. total Fe 
Deduct 01092 gm. as PeO 

Leaving 0-2212 gm. as Fe^O^ 

The result of the analysis is, therefore- 
Ferrous oxide 28*08 per cent. 

Ferric oxide 63-20 „ 

Diflference (Grangue, &o.) ... 8-72 „ 

10000 



8. Spathose Iron Ore. 

The total amount of ferrous oxide in this carbonate is ascertained 
directly by solution in hydrochloric acid; as the carbonic acid 
evolved is generally sufficient to expel all air, the tube dipping 
under water may be dispensed with. Should the ore be very 
impure, zinc may have to be added in order to insure the reduction 
of all the iron present. 

As the ore contains in most cases the carbonates of manganese, 
lime, and magnesia, these may all be determined, together with the 
iron, as follows : — 

A weighed portion of ore is brought into solution in hydrochloric acid, and 
filtered, if necessary, to separate insoluble silioious matter. 

The solution is then boiled, with a few drops of nitric acid to peroxidize 
the iron, diluted, and sodic carbonate added in sufficient quantity to 
precipitate the ferric oxide, then sodic acetate, and the whole boiled that the 
precipitate may become somewhat dense and separate from the liquid ; filter, 
and if necessary, reduce the oxide of iron after careful washings, with zinc 
or stannous chloride, and determine with permanganate or bichromate. 

The filtrate containing the other bases is treated with sodic hypochlorite, 
covered, and set aside for twenty-four hours in order to precipitate the 
manganese as hydrated oxide, which is collected and titrated as in § 64. 

The filtrate from the last is mixed with ammonic oxalate to precipitate the 
lime, which is estimated by permanganate, as in § 48. 

The filtrate from the lime contains the magnesia, which may be precipitated 
with sodic phosphate and ammonia, and the precipitate weighed as usual, or 
titrated with uranium solution. 



4. Estimation of Iron in Silicates. 

Wilbur and Whittlesey {C, N, xxii. p. 2) give a series of 
determinations of iron existing in various silicates, either as 
mixtures of ferric and ferrous salts or of either separately, which 
appear very satisfactory. 
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The very finely powdered silicate is mixed with rather more than its own 
weight of powdered fluor-spar or cryolite (free from iron) in a platinum 
crucible, covered with hydrochloric acid, and heated on the water bath until 
the silicate is all dissolved. During the digestion either carbonic acid gas or 
coal gas free from H^S is supplied over the surface of the liquid, so as to 
prevent access of air. When decomposition is complete (the time varying 
with the nature of the material), the mixture is diluted and titrated with 
permanganate in the usual way for ferrous oxide ; the ferric oxide can then 
be reduced by zinc and its proportion found. 

Sv Hydrofluoric Acid (Barly' 9 process) : Two grams of the finely 
powdered silicate are placed in a deep platinum crucible, and 40 c.c. of 
hydrofluoric acid (containing about 20 per cent. HF) added. The mixture 
is heated to near the boiling point and oocasionally stirred with a platinum 
wire until the decomposition of the silicate is complete, which occupies 
usually about ten minutes. 10 c.c. of pure H'SO* diluted with an equal 
quantity of water are then added, and the heat continued for a few minutes. 
The crucible and its contents are then quickly cooled, diluted with fresh 
boiled water, and the ferrous salt estimated with permanganate or bichromate 
as usual. 

Leeds {Z, a. C, xvi p. 323) recommends that the finely 
powdered silicate be mixed with a suitable quantity of dilute 
sulphuric acid, and air excluded by CO^ during the action of the 
hydrofluoric acid. The titration may then at once be proceeded 
with when the decomposition is complete. 

If the hydrofluoric acid has been prepared in leaden vessels it 
invariably contains SO' ; in such cases it is necessary to add to it, 
previous to use, some concentrated solution of permanganate, so as 
to oxidize the SO'. 

The process is a rapid and satisfactory one, yielding much more 
accurate results than the method of fusion with alkaline carbonates 
or acid potassic sulphate. 



6. Estimation of Iron by Cuprous Ohloride (Winkler). 

Cuprous chloride is capable of reducing ferric to ferrous com- 
pounds completely at orcQnary temperatures. The loss of yellow 
colour may, to a certain extent^ be taken as the ending of the 
process; but as the operation is, owing to many reasons, best 
conducted in dilute solution, it is better to use potassic sulphocyanide 
as an indicator. There is one very serious drawback to the process, 
arising from the instability of the copper solution. It is so sensitive 
to the presence of oxygen, as scarcely to bear pouring into a burette 
without losing its colourless condition, and becoming blue from the 
presence of cupric chloride. By a careful arrangement of apparatus 
this defect may be greatly remedied, and it is convenient in the 
technical examination of iron ores to be able to ascertain quickly 
and in the cold, the approximate amount of iron existing in the 
ferric state in any given solution. 

Cobalt^ nickel, copper, or arsenic are of no consequence in 

N 
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moderate quantity, especially as the solution used in the analysis is 
very dilute ; in fact, nothing interferes except such metals as would 
be reduced in the same way as iron. 

The solution of cuprous chloride is made by taking equal weights 
of cupric nitrate and sodic chloride, dissolving in water in a boiling 
flask, adding hydrochloric acid freely, then clean sheet-copper in 
spiral strips, and heating the whole to boiling on a sandbath till 
nearly or quite colourless. The flask, tightly corked, is removed to 
a cool place, and when cold diluted with water which has been 
boiled and cooled containing about 10 per cent, of hydrochloric 
acid, till on titrating the solution roughly it is found that 1 c.c. is 
necessary to reduce about 0*006 gm. Fe. 

The solution is then transferred quickly to a well-stoppered bottle, 
which already contains a clean spiral of stout copper wire reaching 
quite to the stopper. The solution will constantly undergo some 
little change, but if its strength be established before each set of 
experiments in any one day, it is sufficiently exact The standard 
solution of ferric chloride may be the same as is described in 
§ 42. 4ra, 10 c.c. of which will contain 0*1 gm. Fe. 

The AncUffHcal Proeesi : 10 o.o. of the ferric solution are diluted with 
400 or 460 c.c. of water, and to it are added five drops of saturated solution 
of potassio sulphocyanide, with a small pipette^ and 10 c.o. of hydrochloric 
acid. 

The solution is then brought under the burette oontaining the copper 
solution, whioh is dropped in cautiously until the red oolour just disappears. 
Any excess of copper solution after this point occurs produces a doudiness 
from the presence of cuprous sulphocyanide. There are^ therefore, two 
indications of the end of the reaction. 

If the copper solution is not of the right strength, namely, about 
14 or 15 C.C. to the 10 c.c. of iron solution, it must be adjusted by 
either diluting with fresh boiled and cooled water containing about 
10 per cent, of hydrochloric acid, or strengthened by the addition of 
cuprous chloride in concentrated solution. 



6. Batimation of Iron in Ores by oompariaon with the same weight 
of Pure Iron. 

The principle of this method is fully explained in § 3, and is, of 
course, applicable to any substance which can be obtamed tolerably 
pure, such as soft iron wire. The titrating solution may be either 
potassic permanganate or bichromate of unknown strength. 
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XiBAD. 

Pb = 206-4. 

1 C.C. ^-^ permanganate = 0*01032 gm. Lead. 
1 C.C. normal oxalic acid = 0*1032 gm. „ 
Metallic iron x 1'842 = „ 

Double iron salt x 0*263 = ,, 

Cjystallized oxalic acid x 1 '638 = „ 

§ 62. The estimation of lead is in most cases more securely 
effected by weight than by measure ; there are, however, instances 
in which the latter process may be used with advantage, and con- 
sequently the following methods are given : — 



1. As Ozalata (Hempel). 

The acetic lead solution, which must contain no other bodjr predpitable 
by oxalic* aoid, \b ^ut into a 800 c.c. flask, and a measured quantity of normal 
oxalic acid added m excess, the flask filled to the mark with water, shaken, and 
put aside to settle ; 100 c.c. of the clear liquid may then be taken, acidified with 
sulphuric add, and titrated with permanganate for the excess of oxalic acid. 
The amount so found multiplied by 3, and deducted from that originally 
added, will give the quantity combined with the lead. 

Where the nature of the filtrate is such that permanganate cannot be used 
for titration, the precipitate must be collected, well washed, dissoWed in 
dilute nitric acid, with a considerable quantity of sodio aoetote, sulphuric 
acid added, and titrated with permanganate. 

In neither case are the results absolutely accurate, owing to the slight 
solubility of the precipitate, but with careful manipulation the error need 
not exceed 1 per cent. The error is much increased in the presence of 
ammoniacal salts. 



2. As Ohromate. 

The lead is precipitated as chromate, well washed and digested with a 
weighed excess of double iron salt and hydrochloric acid; the resulting 
solution contains ferric and chromic chlorides, together with lead chloride, 
and undeoomposed iron salt. The quantity of the last is found by perman- 
ganate, and deducted from the ori^nal weight ; the remainder, multiplied 
by the factor 0*263, will give the weight of lead. 

Sohwarz has simplified this method as follows :— The standard solution 
being 14*78 gm. of pure potassic bichromate in a liter of water : 1 c.c. of this 
solution precipitates 0*02064 gm. of lead. 

In the analysis of metallic lead a certain quantity of it should be dissoWed 
in a minimum of nitric acid, the solution diluted with water, carefully 
neutralized with ammonia or sodio carbonate, excess of sodic acetate added, 
and the solution precipitated by the bichromate solution. When the pre- 
cipitation approaches its end, or when the precipitate commences to subside 

n2 
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readily, some drope of a neutral Bolation of silver nitrate are deposited on a 
porcelain plate, and the bichromate solution only added by two or three dro^ 
at a time to the liquid under examination ; after each addition the whole is 
well stirred, allowed to subside, and a drop of the clear liquor added to one 
of the drops of the silver solution. As soon as the bichromate is in excess 
the two drops form a red colour, while the precipitated chromate of lead has 
no effect on the silver test, but simply floats on the top as a yellow precipi- 
tate. Should the solution assume a yellow colour before the silver reaction 
has commenced, it would indicate that not sufficient acetate of soda had been 
added in the first instance, and it would be necessary to add this now, and 
also a cubic centimeter of a normal lead solution, containing 002064 of lead 
as nitrate. The slight turbidity which first takes place soon goes off, and 
the operation may be proceeded with as before. One cubic centimeter must 
natundly, in such instance, be deducted from the amount of chrome solution, 
on account of the extra addition of lead. 

Examplei : Experiments made with 0'6975 gm. of the purest lead of 
Tamowitz gave the following results :— It required 38*7 c.c. of bichromate 
solution, and as it is always necessary to have a slight excess of bichromate, 
it may be assumed that 33*6 cubic centimeters only were requisite for the 
precipitation of the lead. 33*6 multiplied by 002064= 0*6935 gm. or =>99-8 
per cent., showing that it was nearly pure lead. 

0*899 gm. of well-dried lead nitrate reiiuired also 12 c.c. of bichromate, 
indicating 0*2474 gm. of lead, or 62*28 per cent. According to calculation, 
lead nitrate should contain 62*54 per cent. 

0'885 gm. of crystallized lead acetate required 10*2 c.c. of bichromate » 
0'2rL gm., or 64*84 per cent, of lead, while according to the formula 
FbA^ + HK), it should have been 64*61 per cent. 

Neutral potaesic chromate may be used instead of bichromate if desired. 

Diehl (Z, a. G, 1880, p. 306) modifies this method successfully 
by precipitating the lead with standard bichromate in excess, and 
titrating the amount of excess with sodic hyposulphite. 

The necessary solutions are — 

Standard potasslc bichromate containing 7*37 gm. per liter. 

Standard sodic hyposulphite containing about 5 gm. per liter. 

The relation of these solutions to each other is first found by 
blank experiment 

20 or 30 c.c. of the bichromate are placed in a boiling flask, 
with about 300 c.c. of water, and 20 or 30 c.c. of dilute ffSO* 
(1 to 2). The liquid is then heated to boiling, and the hyposul- 
phite cautiously dropped in until a point occurs at which the 
yellow colour just disappears, and which may be known by holding 
the flask over white paper or porcelain. 

Lead ores and residues are treated with aqua regia and dilute sulphuric 
acid, concentrated by evaporation until the sulphuric acid fumes begin to 
appear, then transferred to a flask with water, and boiled in order to bring 
the ferric sulphate, &c., into solution ; the solution is then cooled, and the 
tolerably clear liquid passed through a thin close filter previously moistened 
with dilute sulphuric acid, and leaving the bulk of lead sulphate in the flask. 

This latter is now boiled with some strong solution of neutral ammonic 
acetate (about 15 c.c. for 1 gm. of sulphate) and water, to bring it into 
solution, and passed through the same filter, the filtrate being received into 
a dean flask. The operation is repeated with a smaller quantity of acetate 
and water, and the filter finally washed with hot water containing some 
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acetate. To make sure of dissolving all the lead out of the filter, it is well 
to make a final washing with hot dilute hydrochloric acid. The solution of 
lead is then acidified with a few drops of acetic acid, and precipitated in the 
cold with the bichromate in moderate excess (not less than 3—6 c.c), which 
may be known by the colour. The mixture is well shaken, and set aside for 
half an hour to settle. The clear liquid is then passed through a double 
filter, the precipitate washed three or four times with cold water, and the 
mixed filtrate and washings titrated with hyposulphite for the excess of 
bichromate, as described in the blank experiment. 

1 C.C. bichromate represents 01 032 gm. of lead. The I'esults 
obtained with known weights of pure lead salts were very exact. 

Copper, cadmiam, zinc, ferric salts, and cobalt, do not interfere 
with the reaction, but all metals precipitable by chromic acid 
should of course be removed. 



3. Alkallmetric Kethod (Molir). 

The lead is precipitated as carbonate by means of a slight excess of am- 
monio carbonate, together with free ammonia, the precipitate well washed, 
and dissolved in a measured excess of normal nitric acid ; neutral solution of 
Bodic sulphate is then added to precipitate the load as sulphate. Without 
filtering, the excess of nitric .acid is then estimated by normal alkali, each 
c.c. combined being equal to 01032 gm. of lead. 



4. Assay of Refined Metallic Lead. 

Fresenius has published an extensive memoir {Z. a. C. viii. p. 148) on 
the estimation of the small quantities of other metals occurring in refined 
lead, and which have undoubtedly a considerable effect upon its value for 
many purposes. The refining process is now generally carried on so well, 
that refined soft lead can commonly be obtained contekining from 9994 to 
even 99995 per cent, of pure lead. The metals usually found as impurities 
are silver, copper, antimony, bismuth, cadmium, zinc, iron, and nickel, with 
traces of cobalt, manganese, and arsenic. Of these the most commonly 
found are silver, iron, antimony, copper, and zinc, all of which, according to 
Fresenius' experiments, may be estimated volumetrically with greater 
exactness than by weight. The process of separation is fuUy described in 
the memoir alluded to, but as it is too lengthy for insertion here, those who 
desire to carry out the process are referred to the original paper. 



MAGNESIA AND ALUMINA. 

§ G3. The magnesia existing in the commercial Stassfurt salts 
used for manures, &c., and other soluble magnesia salts, may very 
readily be determined with accuracy by Stolba's method, as given 
for PO* in §§ 25.2 and 69, or in all cases where separation can be 
made as ammonio-magnesic phosphate. The precipitation may be 
liastened considerably by precipitating with microcosmic salt, in the 
presence of a tolerably large proportion of ammonic chloride, accom- 
panied with vigorous stirring. Half an hour cjuite suffices to bring 
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down the whole of the double phosphate, and its adherence to the - 
sides of the beaker is of no consequence, if the titration is made in 
the same beaker, and with the same glass rod, using an excess of 
standard acid, and titrating back with weak standard ammonia. 

The indicators 8 or 10 (§ 13) are as useful as cochineal. The 
precipitate may also be titrated with standard uranium (§ 69). 
Precht (Z. a. C. 1879, p. 438) adopts the following method for 
soluble magnesia salts in kainite, kieserite, &c., depending upon 
the insolubility of magnesic hydrat-e in weak caustic potash : — 

10 gm. of the substance are dissolved, filtered, and mixed with 
25 C.C. of normal caustic potash, if it contains less than 50 per 
cent, of magnesic sulphate ; or 50 c.c. if it contains more than 
50 per cent.. The mixture is warmed somewhat, transferred to a 
500 c.c. flask, and the volume made up with water. After standing 
at rest for half an hour, 50 c.c. of the clear liquid are withdrawn, 
and the excess of normal alkali estimated in the usual way with 
the normal or decinormal acid. Ammonium and metallic salts 
must be absent. 

1 c.c. normal potash = 0'02 gm. MgO. 

Alumina salts (the alums and alumina sulphate used in dyeing 
and paper-making) may bo titrated for alumina in the absence of 
iron (except in mere traces), by mixing the acid solutions with a 
tolerable quantity of sodic acetate, then a known volume in excess 
of ^ phosphate solution (20 '9 gm. of ammonio-sodic phosphate 
per liter), heating to boiling, without filtration; the excess of 
phosphate is found at once by titration with standard uranium. 
If iron in any quantity is present, it may be estimated in a separate 
portion of the substance, and its amount deducted before calcu- 
lating the alumina. 

The latter is precipitated as AlPO^ and any iron in like manner 
as FePO\ Each c.c. of ^-^ phosphate = 0-00513 gnu APOl 



MANaAKBSE. 
Mn=55, MnO=71, MnO-=87. 





Factors. 




Metallic iron 


X 


0-G3393=MnO. 


a 99 


X 


0-491 =Mn. 


JJ » 


X 


0-7768 =MnO^ 


Double iron salt 


X 


0-0911 =]yfnO. 


Cryst. oxalic acid 


X 


0-6916 =MnO». 


Double iron salt 


X 


0-111 =MnOl 


solution = 0-00355 


gm. MnO or = 000435 gm 



1 c.c. ^Q solution = 0-00355 gm. MnO or = 0-00435 gm. MnOl 
§ 64. All the oxides of manganese, with the exception of the 
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first or proioxide, when boiled with hydrochloric acid, yield 
chlorine in the following ratios : — 

Mn«0'=l eq. 0= 2 eq. CI. 
Mn»0*=:l eq. 0= 2 eq. CI. 
MnO»=leq. 0= 2 eq. CI. 
Mn 0'=2 eq. 0= 4 eq. CI. 
MnW=5 eq. 0=10 eq. CI. 

The chlorine bo produced can be allowed to react upon a known 
weight of ferrous salt ; and when the reaction is completed, the 
unchanged amount of iron salt is found by permanganate or 
bichromate. 

Or, the chlorine may be led by a suitable arrangement into a 
solution of potassic iodide, there setting free an equivalent quantity 
of iodine, which is found by the aid of sodic hyposulphite. 

Or, in the case of manganese ores, the reaction may take place 
with oxalic acid, resulting in the production of carbonic acid, 
which can be weighed as in Fresenius' and Wills' method, 
measiu*ed as in Parry's method, or the amount of unchanged acid 
remaining afber the action can be found by permanganate.^ 

The largely increased use of manganese in the manufacture of 
steel has now rendered it imperative that some rapid and trust- 
worthy method of estimation should be devised, and happily this 
has been done simultaneously by two chemists, Fattinson and 
Kessler; both have succeeded in finding a method of separating 
manganese as dioxide, of perfectly definite composition. Fattinson 
found that the regular precipitation was secured by ferric chloride, 
and Kessler by zinc chloride. Wright and Menke have 
experimented on both processes with equally satisfactory results, 
but give a slight preference to zinc. Fattinson titrates the 
resulting MnO'* with standard bichromate, and Kessler with 
permanganate. 

Fattinson's method has been fully described (J. C, 8* 1879, 
p. 365), and is essentially as follows : — 



1. Freoipitation m MnO* and Titration with Biohromate 
(Fattinson). 

The necessary solutions and re-agents are : — 

Standard Potassic Bichromate. — 1 c.c. equal to 0*01 gm. Fo 
(1 dm. =0-1 gm. Fe). 

* The literature of maxifcanese compounds and their estimation has now become very 
▼o]nminoTi8. The principal contributions to the subject are as foUows :~ 
Wright and Menke J. C. S. 1880. p. 22-4S. 

Morawski and Stingl Jovr.f. pract. Chem. zriii. p. 96. 
V o 1 h a r d AnndUn, cxcviii. p. 318. 

Guy ard BuU. Soe. Chim. [2] i. p. 88. 

Kessler Z. a. C. 1879, p. 1-U. 

Fattinson J. C. S. 1879, p. ,T(». 
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Standard Ferrous Stdphate, — 10 gm. of iron per liter, as near 
as may be, is a convenient strength, but as the strength alters from 
time to time, no exact quantity need be taken. 63 gm. of ferrous 
sulphate dissolved in a mixture of 250 c.c. of strong pure sulphuric 
acid, and 750 c.c. of water, will give a solution of about the pro- 
iwrtion mentioned (or 530 gr. to 1000 dm). 

Solution of Bleaching Poicder, — ^This re-agent is used to oxidize 
the manganese before precipitation (Kessler uses bromine water 
for the same purpose). 15 gm. per liter, or 150 gm. to 1000 dm. 
The clear solution is decanted, and preserved in well-stoppered 
bottles for use. 

Calcic Carbonate, — Used for removing the free acid during 
precipitation . It should be in tolerably fine powder, and of granular 
texture, such as is described in § 14.6. 

The principle of the method is that the manganese compound 
being brought into solution in hydrochloric acid, ferric chloride 
(if iron is not already present) is added, or zinc chloride (zinc 
oxide or sulphate answers equally well), so that in either case 
there is not less than the same quantity of either of these 
metals present as there is of manganese; an excess of either 
of them is of no consequence. The oxidizing agent, followed by 
hot water, is then poured into the mixture so as to bring the 
temperature from about 60° to 70° (140°— 160° F.), then a slight 
excess of calcic carbonate, and the whole well stirred till all CO' is 
evolved, and the precipitate of MnO* mixed with iron or zinc, or 
both, settles freely, leaving the supernatant liquid clear and colour- 
less (in the case of using bromine water the colour should be 
amber, showing a decided excess of bromine). In examining 
manganiferous irons or steels, as also in many ores, there will 
always be plenty of iron present; if this, however, is not the 
case, it is always preferable to use zinc rather than iron for the 
necessary addition. 

Wright and Menke obtained the best results when the solution 
was so diluted, that about 150 or 200 c.c. of total fluid (including 
the oxidizing solution) were present for every 0*1 gm. MnO* pre- 
cipitated, using a quantity of zinc sulphate or ferric chloride 
containing from 1 J to 2 parts of metal for every 1 part of MnO'. 

Titration of the precipitated MnO'. — The precipitate is collected 
on a large double filter, or on glass wool, and washed with warm 
water till the washings show no trace of chlorine or bromine when 
tested with iodized starch-paper (§ 36). 

Finally the precipitate, with its filter, is returned to the beaker 
in which it was originally thrown down, and which will contain 
traces adhering to its sides, a measured excess of ferrous solution 
added, which being freely acid speedily dissolves the MnO^ ; cold 
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water is then added, and the titration completed with bichromate 
in the usual way. 

As some filtering paper has a slight reducing action upon the 
bichromate, it is well in standardizing the ferrous solution to add 
about the same amount of the paper as would be used in the 
actual analysis. 

Example (Pattinson): The standard solution of ferrous sulphate was of 
such strength that 100 dm. = 1011 dm. of bichromate. The 100 dm. of iron 
solution, after addition of the precipitated MnO^ (from 10 gm. of ore), 
required 67 dm. of bichromate. 1011— 57=441 dm. = 4*41 grn. Fe; this 
multiplied by the factor for manganese in relation to iron (0'4Dl) gave 
2*166 gm. The per-centage of manganese was therefore 21'65. 

Should the ore or alloy be richer in manganese than iron, it is 
advisable tQ add zinc sulphate or chloride to make up the necessary 
quantity. The. ferrous solution alters slightly from day to day, 
and therefore must be carefully standardized from time to time. 

Kessler's process is more cumbrous than Pattinson' s, and 
consists in reducing the JkInO* by antimonious chloride, then 
titrating the manganous oxide with permanganate standai'dized 
upon manganous pyrophosphate. 



Ores and Alloys of Mansranese. 

The following are practical examples, taken mainly firom 
Pattinson's experience. 

Spiegdeisen. — This alloy usually contains from 10 to 25 per cent, 
of manganese and, of course, a sufficient amount of iron for the 
dioxide precipitation. 10 gm. are taken for analysis. This amount 
is dissolved in about 12 dm. of hydrochloric acid with the aid of 
heat. About 5 dm. of nitric acid are then added for the purpose 
of converting the ferrous into ferric chloride (on the gram system 
the quantities would be 1 gm. of alloy, 12 c.c. of HCl, and 
5 c.c of HNO* respectively). After washing the cover and sides 
of the beaker with cold water, the excess of acid is neutralized 
by the addition of calcic carbonate until the solution has a 
reddish colour. 100 dm. of the bleaching-powder solution or 
about 50 dm. of bromine water are added, without previous 
addition of hydrocliloric acid as in the case of ores. Hot water is 
then added to heat the solution to 140 — 160** F., and then about 
25 gm. of calcic carbonate, and the solution well stirred. The rest 
of the process is conducted as before described. 

Ferro-Manganese, — ^For the quantitative analysis of this alloy an 
amount which contains from two to four grains of manganese may 
be taken. The solution is made as in the case of spiegeleisen. If the 
alloy contains less iron than manganese, zinc chloride is added so as 
to make the' amount of the iron and zinc fully equal to that of the 
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manganese. The amount of bleaching-powder solution to be added 
must depend upon the amount of manganese in solution, taking 
care to add about 40 dm. of bleaching-powder solution of the 
strength above-named for every grain of manganese present. 

As in the case of ores, instead of weighing off separately the 
amounts required for each test, a larger quantity may be dissolved 
and peroxidized, and, after making up the solution to a known bulk 
in a measuring flask, the necessary quantities for the test measured 
out. 

/Steel. — 50 grn. of steel are dissolved, by the aid of heat, in about 
35 dm. of hydrochloric acid of about 1*180 sp. gr. The ferrous 
chloride thus formed is then converted into ferric chloride by the 
addition of about 9 dm. of nitric acid of about 1 '400 sp. gr. The 
solution is made in a beaker of about 35-oz. capacity. Calcic 
carbonate is then added until the solution is slightly red. 135 grn. 
of calcic carbonate are now weighed or measured, and about one-half 
of this added to the solution. After the effervescence caused by the 
escape of carbonic acid has ceased about 40 dm. of the bleaching- 
powder solution are added, and then hot water to about 160" F., 
and then the remainder of the calcic carbonate. If the latter is 
added at once, the effervescence is so great that the substance is 
likely to froth over the edges of the vessel ; and if the bleaching- 
powder solution is added before any calcic carbonate has been 
added, the chlorine is likely to be expelled by the evolution of the 
carbonic acid. The precipitate is then thrown on a sufficiently large 
filter, and washed until free from any trace of chlorine. Although 
the precipitate is bulky it is very readily washed. 

About 20 dm. of the ferrous sulphate solution are standardized, 
and the same quantity used for decomposing the manganese dioxide 
in the case of steels ; but it is sometimes found necessary to add a 
little additional sulphuric acid, in order to dissolve the ferric oxide 
precipitate and the excess of calcic carbonate it may contain. 

Manganese Slags, ^c, — These are treated similarly to the above, 
using for the analysis such a quantity ais will not contain more than 
about 2*5 grn. of manganese for the above-named amounts of 
re-agents, and taking care to have a sufficient amount of ferric or 
zinc chloride in the solution when the manganese is precipitated. 

Should lead, copper, nickel, or cobalt exist in the substance under 
examination, these must be separated before the manganese is preci- 
pitated, as they form higher oxides under the conditions of the 
precipitation, which oxides, like manganese dioxide, convert ferrous 
into ferric oxide. Fortunately, in most manganiferous iron ores and 
in spiegeleisen, ferro-manganese and steel, none of these metals 
occur in such quantity as to appreciably affect the correct estimation 
of the manganese. 

The new method answers very well for the determination of 
manganese in steels. Two portions of 50 grains of pure iron, to 
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which known weights of manganese were added, indicated 0*304 
and 0*640 per cent, of manganese instead of 0-302 and 0*604 per 
cent, respectively. A steel which, by careful gravimetric analysis, 
was found to contain 0*912 per cent, of manganese, indicated 0*92 
per cent, by the new volumetric method. 

Pat tin son has tested very large numbers of samples of 
manganiferous iron ore, spiegeleisen, and ferro-manganesc, by this 
method, and has found that the results of the duplicate tests have 
been almost invariably alike, there being only occasionally a 
difference of 0*P or 0*2" in the reading of the burette, equal to 
0*05 or 0*10 per cent, of manganese in the sample. In fact, it is 
now possible to determine manganese volumetrically by this 
method, as exactly, and almost as speedily, as it is possible to 
determine iron volumetrically by Penny's well-known bichromate 
method. 



2. By Precipitation with Potassio Permanganate (auyard). 

If a dilute neutral or faintly acid solution of manganese salt bo 
heated to SO*' G. and permanganate added, hydrated MnO' is pre- 
cipitated, and the end of the reaction is known by the occurrence of 
the usual rose colour of permanganate in excess. The reaction is 
exact in neutral solutions. Any large excess of either HCl or H^SO* 
causes irregularity, as also do ferric or chromic salts ; nickel, cobalt, 
zinc, alumina, or lime, in moderate quantity are of no consequence. 

This method is of easy execution, and gives good results in cases 
where it can be properly applied, but such instances are few. 

The Analytical Process: 1 or 2 gm. of the manganese compound are 
dissolved in aqtta regia^ boiled a few minutes, the excess of aoid neutralized 
with alkali, then diluted largely with boiling water (1 or 2 liters) kept at a 
temperature of 80''0., and standard permanganate added so long as a brownish 
precipitate forms, and until the clear supernatant liquid shows a distinct rose 
colour. 2 eq. of permanganate =3 eq. of manganese, therefore 1 c.o. of j*^ 
solution =0'0016642 gm. of Mn. 

A modification of this process is strongly recommended by 
Wright and Menke {J. C, S, 1880, p. 42), and which combines 
the principle adopted by Kessler and Pattinson; viz., the addition 
of zinc sulphate to regulate the precipitation of MnO*. 

The neutral or only faintly acid solution is dUuted, so that not more than 
01 gm. MnO^ is contained in 160 c.c. A solution of permanganate is 
prepared of about half-per-oent. strength, and in it are dissolved crystals of 
zinc sulphate in such proportion that about ten parts are present for every one 
part of MnO* to be precipitated. 

The cold manganese solution is then poured into this mixture slowly, with 
gentle shaking or stirring. Of course there must be an excess of per- 
manganate which is shown by the pink colour. In a few minutes the clear 
pink fluid ma;^ be poured off through a glass wool filter ; the precipitate of 
MnO^ (containing some zinc) is also brought on the same filter, washed well 
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with cold water, and finally titrated with ferrous sulphate or double iron salt, 
and ^ permanganate or bichromate. 

The numbers obtained by Wright and Menke were extremely satis- 
factory with manganese solutions of known strength. 



3. By preolpitation as Ammonio-pliosphate (Wolcott Gibbs). 

Manganese protosalts can be precipitated from solutions con- 
taining ammonia and ammonic chloride by sodic phosphate in the 
same way as magnesium salts. The precipitate is practically insoluble 
in hot water, either with or without ammonia and ammonic 
chloride. In order to separate the manganese compound in a dense 
and crystalline form, a considerable excess of sodic phosphate is 
required. The mixture must be well boiled and afterwards digested 
at a temperature near boiling. By using a standard solution of 
sodic phosphate in large quantity, whose exact strength when duly 
diluted and in the presence of ammonia salts is found by ui-aniura, 
the proportion of phosphoric acid in combination with the manganese 
can be found. 

The precipitate has the formula P(MnNH*)0*+H»0. 1 c.c. of 
normal sodic phosphate =0*0 1838 gm. of Mn. 



4. Colour Titration of Manganese in Pig* Iron, Steel, and Iron Ores 
(Bremner). 

01 gm. of substance similar to the sample, and containing a known 
quantity of manganese, is placed in a crucible holding about 30 c.c. and 2 c.c. 
of concentrated nitric acid are added ; the contents are then evaporated to 
dryness, and ignited till all red fumes disappear. The residue, crushed to a fine 
powder with a platinum spatula, is heated with 2 c.o. of concentrated potash 
solution, all spirting being avoided, and when again dry is gently ignited. 
The fused mass, after cooling, is treated with 25 o.c. of water, and well 
stirred. After settling for ten minutes, 6 o.c. of the clear green liquid are very, 
carefully taken up with a pipette, and placed in a graduated test-tube or 
colorimeter. This solution being taken as the standard, the same weight of 
the sample to be tested is taken and treated in precisely the same manner, and 
under the same conditions. Should the green be of deeper tint in this than in 
the standard, water is added to the former till the tints coincide, the increased 
volume indicating proportionately more manganese present in the sample, 
equality of volume and tint indicating equal amounts of manganese present 
in each. If in any case difficulty be found in comparing the tints, on account 
of difference of shades of colour, a drop of sulphuric acid in each tube will 

? reduce the red permanganate, which yields a still more delicate comparison, 
n this case, however, manganese peroxide is quickly deposited, producing 
turbidity, and hence the last-named plan is resorted to only in case of 
emergency. The accuracy of this method has been proved by comparison 
with that in which the manganese was estimated by direct weighing as 
sulphide, with very fair results, but considerable practice is required to 
insure accuracy. 
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6. Estimation of Manaranese in small quantities (Chatard). 

This method depends upon the production of permanganic acid 
by the action of nitric acid and lead peroxide ; the accuracy of the 
process as a quantitative one can, however, only be depended on 
when the quantity of manganese is very small, such as exists in 
dome minerals, soUs, etc. 

The mateioal to be examined is dissolved in nitric acid and 
boiled with lead peroxide, by which means any manganese present 
is converted to permanganate ; the quantity so produced is then 
ascertained by a weak freshly made standard solution of oxalic acid 
or ammonic oxalate. 

The author found the process to give good results in determining 
manganese in dolomites and limestones, whore the proportions 
amount to from ^-^ to 2 per cent. In larger quantities the total 
conversion of the manganese cannot be depended on. 

Peters avails himself of this method for estimating manganese 
in pig iron or steel by weighing 0*1 gm. of the sample, and boiling 
in 3 or 4r c.c. of nitric acid until solution of the metal is complete, 
adding 0*2 or 0*3 gm. PbO', and again boiling for two or three 
minutes without filtering oflf the insoluble graphite, if such should 
be present. The solution is then cooled, filtered through asbestos 
into a suitable graduated tube, and the colour compared with a 
standard solution of permanganate contained in a similar tube. 

The standard permanganate is best made by diluting 1 c.c. of ^^ 
solution with 109 c.c. T)f water ; each c.c. will then represent O'OOOOl 
gm. Mn. It has been previously mentioned that accurate results 
by this method can only be obtained by using very small quantities 
of material. Peters finds this to be the case, and hence recom- 
mends, that for irons containing from 0-10 to 0-35 per cent, of Mn. 
0*1 gm. should be operated upon ; when from 0*8 to 1 per cent, is 
present, O'l gm. of the sample is weighed and one-fourth of the 
solution only treated with PbO*; in still richer samples propor- 
tionate quantities must be taken. As a guide, it is well to assume, 
that when the amount of iron taken yields a colour equal to 
25 — 35 c.c. of the standard, the whole of the Mn is oxidized. 
The actual amount of manganese in any test should not exceed half 
a milligram ((7. N, xxxiii. p. 35). 



6. Estimation in Spieflreleisen, Steel, Ac, by measurement of CO^ 

(Parry). 

Parry avails himself of the well-known reaction in Fresenius 
and Wills' process of decomposing MnO' with sulphuric or hydro- 
chloric acid and sodic oxalate, by dissolving a known weight of 
spiegeleisen in strong nitric acid, in a small pear-shaped flask of 
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hard glass ; evaporating to dryness, igniting gently for ten minutes, 
and after cooling treating the residue with sodic oxalate and 
hydrochloric acid, connecting the flask immediately to the gas 
apparatus, and conveying the evolved CO^ into it for measurement 
over mercury. Parry uses an apparatus devised by himself, and 
iigured in his paper {G, N, xxix. p. 86) ; but the best apparatus is 
decidedly Frankland and Armstrong's, shown in fig. 33, and 
such as is used by them in the analysis of water residues (Fart 6); 
or the larger apparatus devised by McLeod or Thomas, and 
figured in Part 7, may be used. The number of c.c. of CO'' at 
760*' m.m. pressure and 0° C. temperature being known, it is easy to 
calculate the corresponding quantity of manganese. 

87 parts by weight of Mn02=88 CO*=55 Manganese. 

It was, however, found impossible to obtain a product containing 
MnO'. Although many experiments were made with this object, 
heating over the Bunsen's burner as previously described, the 
manganese was always present as Mn'O^ and further heating for 
thirty minutes showed no loss of oxygen. Consequently, 88 parts 
of CO^ represented 110 of metallic manganese. 

Example : 

0*6 gm. of Spiegeleisen gave CO^ 31*80 c.c. 

Temperature 1900' 

Barometer 73800 m.m. 

Tension of aqueous vapour ... 16*86 m.m. 
81-8 X 721-64, 

760 X { 1 + (0003665 X 19) } 
28-22 o.c. C(y X 01966 x 110 
= gg ^ 

^0*06984 gm. Mn. 
Manganese 13*868 per cent. 

The above calculations appear rather tedious, but they take less 
time than when manganese is estimated by weight, the latter process 
requiring at least six hours, and in most instances much longer. 
The calculation may also be simplified by the use of a table, where 
the divisor for the formula — 

VxB 



760 X (1 + U) 



is given. Also the value of 1 c.c. of CO' shown by the instrument 
may be expressed in parts by weight of Mn. Thus, 28*22 c.c. 
of 00^=0*06934 gm. of 00^; therefore, 1 c.c. =0*00246716 gm. 
of Mn, which, multiplied by x c.c. of CO' found, gives at once the 
corresponding amount of manganese. 
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This method has been applied to the determination of manganese in steel, 
treating not less than 4 gm. of steel, and measuring over mercury. The dry 
product requires a rather stronger heat, best obtained by heating over a 
small Bun sen's burner in an open platinum capsule. It is best to take 
10 gm. of steel, evaporate to dryness in a porcelain dish, and heat a weighed 
portion of the dry residue as above, reserving part for a second trial. 




Fig.SS. 



%* By an oversight the graduation of the tubes was omitted 
in this figure. 
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7. Technical Examination of Manffanese Ores used for Bleaching 
Purposes, Ac, 

One of the most important things connected with the analysis of 
manganese ores is the determination of moisture ; and as disputes 
arise sometimes between analysts and those who buy and sell, 
simply because the sample examined by one analyst contained more 
or less moisture than one from the same bulk examined by another, 
it is always best to mention the amount of moisture found in the 
sample upon the certificate of analysis. Fresenius has found by a 
most careful series of experiments that the temperature at which all 
hygroscopic moisture is expelled, without disturbing that which is 
chemically combined, is 120** C, and this temperature is now used 
by most English and continental chemists. The drying apparatus 
devised by Fresenius consists of a round cast-iron air chamber, 
about ten inches in diameter, and two inches deep, having six 
openings at the top, into which little brass pans, two and a half 
inches in diameter, are dropped, containing the very finely powdered 
ore ; into one of the pans the bulb of a thermometer is placed, 
imbedded in iron filings, and the instrument kept upright by an 
iron rod and ring attached to the upper surface of the air chamber. 
The whole is supported by a tripod, and heated by a gas-flame to 
the required temperature. The ore, when powdered and dried at 
this temperature, rapidly absorbs moisture on exposing it to the 
air, and consequently, if a definite quantity has to be weighed, it 
must be done quickly ; therefore, it is better to keep the powdered 
and dried sample in a small light stoppered bottle, the weight of 
which, with its contents and stopper, is accurately known. About 
1 or 2 gm., or any other quantity within a trifle, can be emptied 
into the proper vessel for analysis, and the exact quantity found 
by re-weighing the bottle after the stopper is inserted. 

A hardened steel or agate mortar must be used to reduce the ' 
mineral to the finest possible powder, so as to insure its complete 
and rapid decomposition by the hydi-ochloric acid. 

Considerable discussion has arisen of late as to the best processes 
for estimating the available oxygen in manganese ores, arising from 
the fact that many of the ores now occurring in the market contain 
iron in the ferrous state ; and if such ores be analyzed by the usual 
iron method with hydrochloric acid, a portion of the chlorine pro- 
duced is employed in oxidizing the iron contained in the original 
ore. Such ores, if examined by Fresenius and Wills* mefliod, 
show therefore a higher per-centage than by the iron method, since 
no such consumption of chlorine occurs in the former process. 
Manufacturers have therefore refused to accept certificates of analysis 
of such ores when based on Fresenius and Wills' method. 
This renders the volumetric processes of more importance, and 
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hence various experiments have been made to ascertain their 
possible sources of error. ' 

The results show that the three following methods give very 
satisfactory results (see Scherer and Rumpf, C. K xx. p. 302 ; 
also Pattinson, ihid, xxi. p. 266; and Paul, xxL p. 16). 



8. Direct Analysis by Distillation with Hydroohloric Acid, and 
Titrating* with Sodic Hyposulphite (Bun sen). 

This is the quickest and most accurate method of finding the 
quantity of available oxygen present in any of the ores of manganese 
or mixtures of them, when the operation is performed with due 
care and practice. It also possesses the recommendation that the 
quantity of chlorine which they liberate is directly expressed in the 
analysis itself ; and, further, gives an estimate of the quantity of 
hydrochloric acid required for the decomposition of any particular 
sample of ore, which is a matter of some moment to the manu- 
facturer of bleaching powder. 

The best form of apparatus for the operation is shown in fig. 25. 
For precautions in conducting the distillation see § 35a. 

In order that the per-centage of dioxide shall be directly expressed by the 
number of co. of f^ hyposulphite solution used, 0'436 gm. of the properly 
dried and powdered sample is weighed and put into the little flask ; solution 
of potossio iodide in sufficient quantity to absorb all the iodine set free is 
put into the large tube (if the solution containing ^s, eq. or 33*2 gm. in 
the liter be used, about 70 or 80 co. will in ordinary cases be sufficient) ; 
▼ery strong hydroohlorio acid is then poured into the distilling flask, and the 
operation conducted as in § 36a. Each equivalent of iodine liberated repre- 
sents 1 eq. CI, also 1 eq. MnO^. 

Instead of using a definite weight, it is well to do as before 
proposed, namely, to pour about the quantity required out of the 
weighed sample-bottle into the flask, and find the exact weight 
afterwards. 

Pickering (J. C. 8. 1880, p. 128) has pointed out that pure 
manganese oxides, freshly prepared, or the dry oxides in very 
fine powder, may be rapidly estimated without distillation by 
merely adding them to a large excess of potassic iodide solution 
in a beaker, running in 2 or 3 c.c. of hydrochloric acid, when 
the oxides are immediately attacked and decomposed ; the liberated 
iodine is then at once titrated with hyposulphite. Impure oxides, 
containing especially ferric oxid^ cannot, however, be estimated in 
this way, since the iron would have the same effect as manganic 
oxide; hence, distillation must be resorted to in the case of all 
such ores, and it is imperative that the strongest hydrochloric acid 
should be used. 

Pickering's modified process is well adapted to the examination 
of the Weldon amd, for its available amount of manganese dioxide. 
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0. Estimation by Oxalic Acid. 

The very finely powdered ore is mixed with a known volume of 
normal oxaUc acid solution, sulphuric acid added, and the mixture 
heated and well shaken to bring the materials into intimate con- 
tact, and liberate the cai'bonic acid. When the whole of the ore 
is decomposed, which may be known by the absence of brown or 
black sediment, the contents of the vessel are made up to a definite 
volume, say 300 c.c, and 100 c.c. of the dirty milky fluid well 
acidified, diluted, and titrated for the excess of oxalic acid by 
permanganate. If, in consequence of the impurities of the ore, the 
loixtare be brown or reddish coloured, this would of course inter- 
fere with the indication of the permanganate, and consequently the 
mixture in this case must be filtered ; the 300 o.c. are therefore 
well shaken and poured upon a lai'ge filter. When about 100 c.c. 
have passed through, that quantity can be taken by the pipette 
and titrated as in the former case. 

If the solution be not dilute and ireely acid, it will be found 
that the permanganate produces a dirty brown colour instead of its 
well-known bright rose-red ; if the first few drops of permanganate 
produce the proper colour immediately they are added, the solution 
is sufficiently acid and dilute. 

If 4*357 gm. of the ore be weighed for analysis, the number of 
cc of normal oxalic acid will give the per-centage of dioxide ; but 
as that is rather a large quantity, and takes some time to dissolve 
and decompose, half the quantity may be taken, when the per- 
centage is obtained by doubling the volume of oxalic acid. 

JSxample : The permanganate was titrated with normal oxalic aoid^ and it 
was foand that 1 c.c.=025 o.c. of normal oxalio acid. 2*178 gm. of a fine 
■ample of commercial manganese (pyrolnsite) were treated with 60 cc. of 
normal oxalio, together wi£ 6 c.o. of oonoentrated sulphuric aoid until the 
decomposition was complete. The resulting solution was milkyi but con- 
tained nothing to ohecure the colour of the permanganate, and, therefore, 
needed no filtration. It was diluted to 800 c.c, and 100 c.o. taken for titra- 
tion, whioh required 6*2 o.c. of permanganate. A second 100 o.c required 
6-3, mean 6-26, which multiplied by 8 gave 18"76 cc ; this multiplied by 
the factor 0*26 to convert it into oxalio aoid gave 4'68 o.c normal oxalio, 
and this being deducted from the original 60 cc. used, left 45-82 o.c=90'64 
per cent, of pure manganic dioxide. 

This process possesses an advantage over the following, inasmuch 
as there is no fear of false results occurring from the presence of 
air. The analysis may be broken off at any stage, and resumed at 
the operator's convenience. 

10. Bstimation by Iron. 

The most satisfactory form of iron to be used in this process is 
thin annealed iron wire, which is extremely pure, and readily 
soluble in sulphuric acid. If a perfectly dry and unoxidized double 
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iron salt be at hand> its use saves time. 1 molecule of this saltss 
392, lepresenting 43*5 of xoanganic dioxide^ conseqaently^ 1 gm. 
of the latter requires 9 gm. of the double salt; or in order 
that the per-oentage shall be obtained without calculation, 1 '11 1 gm. 
of ore may be weighed and digested in the presence of free sulphuric 
acid, with 10 gm. of double iron salt, the whole of which would be 
required supposing the sample were pure dioxide. The undecom- 
posed iron salt remaining at the end of the reaction is estimated by 
potassic permanganate or bichromate; the quantity so found is 
deducted from, the original 10 gm., and if the remamder be multi- 
plied by 10 the per-centage of dioacide is gained. 

Instead of this plan, which necessitates exact weighing, any 
convenient quantity may be taken from the tared bottle, as before 
described, and digested with an excess of double salt, the weight 
of which is known. After the undecomposed quantity is found by 
permanganate or bichromate, the remainder is multiplied by the 
factor &111, which gives the proportion of dioxide present, 
whence the per-centage may be calculated. 

The decomposition of the ore may very conveniently be made in 
the flask apparatus, fig. 31. The ore is first put into the deeom- 
posing flask, then the iron salt and water, so as to dissolve the salt 
to some extent before the sulphuric acid is added. Sulphuric acid 
should be used in considerable excess, and the flask heated by the 
spirit lamp till all the ore is decomposed; the solution is then 
cooled, diluted, and the whole or part titrated with permanganate 
or bichromate. Instead of this apparatus, a single flask, with bent 
tube dipping under water, will be equally convenient. 

Example : 1 gm. of double iron salt was titrated with pennangaiiate 
solution, of which 21*4 o.c. were required. 

A portion of the prepared ore was shaken out of the sample bottle, and 
found to weigh 1*24 gm. 10 gm. of double salt, with a little water, were 
added (where many manganese analyses are made, it is oonyenient to keep 
the required quantity weighed in smaU tubes widl oorked), and sulphnrio 
aoid poured in. After the deoompoeition was complete, 82*$ o.o. of perman- 
ganate were required to titrate the undecomposed iron salt; consequently 

21-4 : 1 : : 32-6 : I'Bl. 

1'51 gm., therefore, being deducted from 10 gm., left 849 gm., which mul- 
tiplied by 0*111 gave 0'912 gm. of pure dioxide, whence the per-centage 
is as follows : — 

1*24 : 0'd42 : 100 : x = 75'9 per cent. 

I'lll gm. of the same sample was accurately weighed and digested with 
8 gm. of iron salt, and sulplmrio aoid as before. After the decomposition 
8'8 c.c. of -permanganate were required to peroxidiae the undecomposed iron 
salt ( = 0-42 gm.), which deducted from the 8 gm. originally used, left 7*68 gm. ; 
or placing the decimal point one plaoe to the right, 76*8 per cent, of pure 
dioxide. 

In the last example 8 gm. of iron salt were used, beoanse from the former 
experiment the per-centage of dioxide was known, and therefore it was not 
necessary to exceed the required quantity to any gnat extent. 4^ ^^ 
samples do not contain more than 80 per cent, 8 gm. is quite wi fflc i e n t , 

2 
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In the case of using ^^ bichromate for the titration, the following 
plan is convenient : — 100 c.c. of ^-q bichromate =3 '92 gm. of double 
iron salt (supposing it to be perfectly pure), therefore if 0*436 gm. 
of the sample of ore be boiled with 3*92 gm. of the double salt 
and excess of acid, the number of c.c. of bichromate required 
deducted from 100 will leave the number corresponding to the 
per-centage. 

Example : 0'436 gm. of the same sample as examined before^ was boiled 
with 3'92 gm. of double salt, and afterwards required 24 c.c. of /^ bichro- 
mate, which deducted from 100 leaves 76 per cent, of dioxide, agreeing very 
closely with the previous examinations. 

When using metallic iron for the titration (which in most cases is preferred), 
PattinsoD proceeds as follows: — ^30 grn. of clean iron wire are placed 
in the apparatus fig. 31, with 8 oz. of dilute sulphuric acid, made by adding 
3 parts of water to 1 of concentrated acid. When the iron is quite dissolved, 
30 gm. of the finely powdered and dried sample of manganese ore to be 
tested are put into the flask, the cork replaced, and the contents again made 
to boil gently over a gas-fiame until it is seen that the whole of the black 
part of the manganese is dissolved. The water in the small flask is then 
allowed to recede through the bent tube into the larger flask, more distilled 
water is added to rinse out the small flask or beaker and bent tube, the cork 
well rinsed, and the contents of the flask made up to about 8 or 10 oz. with 
distilled water. The amount of iron remaining unoxidized in the solution 
is then ascertained by means of a standard solution of potassio bichromate. 
The amount indicated by the bichromate deducted from the total amount of 
iron used, gives the amount of iron which has been oxidized hy the manga- 
nese ore, and from which the per-centage of manganic dioxide contained in 
the ore can be calculated. Thus, supposing it were found that 4 gm. of 
iron remained unoxidized, then 30 — 1=26 grn. of iron which have been 
oxidized by the 30 grn. of ore. Then, as 

Fe Mn02 Fe MnO' 
56 : 4S'5 : : 26 : 20*2 

the amount of dioxide in the 30 gm.[of ore. The per-centage is, therefore, 
67-83. Thus— 

80 : 20-2 :: 100 : 67-33. 

Grain weights are given in this example, but those who use the 
gram system will have no difficulty in arranging the details 
accordingly. 

KEBCXTBT. 

Hg=200. 

1 c.c. ^^ solution = 0-0200 gm. Hg 
= 0-0208 gm. Hg^O 
= 00271 gm. HgCl- 
Double iron salt x 0*5104 = Hg 

X 0-69U = HgCP 

1. Preolpltatlon as Kerouroua Chloride. 
§ 65. The solution to be titrated must not be warmed, and 
contain the metal only in tho form of protosalt ^-^ sodic chloride 



Digitized by VjOOQIC 



§ 05. VOLUMETRIC ANALYSIS. 197 

is added in slight excess, the precipitate washed with tlie least 
possible quantity of water to ensure the removal of all the sodic 
chloride ; to the filtrate a few drops of chromate indicator are added, 
then pure sodic carbonate till the liquid is of clear yellow colour, 
'Iff silver is then delivered in till the red colour occurs. The 
quantity of sodic chloride so found is deducted from that originally 
used, and the diflference calculated in the usual way. 



2. By Ferrous Oxide and Permanganate (Kohr). 

This process is based on the fact that when mercuric chloride 
(corrosive sublimate) is brought in contact with an al]^ine solution 
of ferrous oxide in excess, the latter is converted into ferric oxide, 
while the mercury is reduced to mercui-ous chloride (calomel). The 
excess of ferrous oxide is then found by permanganate or bichro- 
mate — 

2HgCP+ 2FeCl*=Hg»CP+ Fe»CR 

It is therefore advisable in all cases to convert the mercury ta^c 
estimated into the form of sublimate, by evaporating it to dryness 
with nitro-hydrochloric acid ; this must take place, however, below 
boiling heat, as vapours of chloride escape with steam at 100'' C. 
(Fresenius). 

Kitric acid or free chlorine must be altogether absent during the 
decomposition with the iron protosalt^ otherwise the residual titra- 
tion will bo inexact, and the quantity of the iron salt must be moi-o 
than sufficient to absorb half the chlorine in the sublimate. 

Example: 1 gm. of pure sublimate was dissolved in warm water, aud 
3 gm. of double iron salt added, then solution of caustic soda till freely 
alkaline. The mixture became muddy and dark in colour, and was well 
shaken for a few minutes, then sodic chloride and sulphuric acid added, con- 
tinuing the shaking till the colour disappeared and the precipitate of ferric 
oxide dissolved, leaving the calomel white; it was then diluted to 300 cc, 
filtered through a dry filter, and 100 cc. titrated with ^'^ permanganate, of 
which 13-2 cc. were required— 13*2 x 3 = 39'6, which deducted from 76'6 cc. 
(the quantity reauired for 3 gm. double iron salt) left 36*9 c c = 1447 gm. 
of undecomposed iron salt, which multiplied by the factor 0'6914, gave 
1*0006 gm. of sublimate, instead of 1 gm., or the 36*9 cc. may be multiplied 
by the ^ factor for mercuric chloride, which will give 1 gm. exaotly. 



3. By Iodine and Hyposulphite (Hempel). 

If the mercury exist as a protosalt it is precipitated by sodic 
chloride, the precipitate well washed, and together with its filter 
pushed through the funnel into a stoppered fiask, a sufficient 
quantity of potassic iodide added, together with f^ iodine solution 
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(to 1 gm. of calomel about 2*5 gm. of iodide, and 100 cc. of ^% 
iodine), the flask closed, and shaken till the precipitate has dis- 
solved — 

Hg»CP + 6KI + 21 = 2HgK»P + 2KCL 

The hrovm solution is then titrated with -^ hyposulphite till 
colourless, diluted to a definite volume, and a measured portion 
titrated with /^ iodine and starch for the excess of hyposulphite. 
1 cc. ^^ iodine = 002 gm. Hg. 

Where the mercurial solution contains nitric acid, or the metal 
exists as peroxide, it may be converted into protochloride by the 
reducing action of ferrous sulphate, as in Mohr's method. The 
^solution must contain hydrochloric acid or common salt in sufficient 
quantity to transform all the mercury into calomel. At least three 
times the weight of mercury present of ferrous sulphate in solution 
is to be added, then caustic soda in excess, the muddy liquid well 
shaken for a few minutes, then dilute sulphuric acid added in 
excess, and the mixture stirred till the dark-coloured precipitate 
has become perfectly white. The calomel so obtained is collected 
on a filter, well washed, and titrated with -^ iodine and hypo- 
sulphite as above. 



4. Direct Titration with Sodio Hyposulphite (Soherer). 

The solution of hyposulphite is in all cases made by dissolving 
sV ^4* = 12'4 gm. of the salt in 1 liter of water, or by mixing 
equal volumes of ^ hyposulphite and distilled water. 

The reaction which tc^es place with hyposulphite in the case of 
mercurous nitrate is 

Hff^NO»)« + Na'S'O' = Hg«S + Na'SO^ + N W. 

With mercuric nitrate — 

3Hg(N0»)' + 2Na'^S*0' = 2HgS.Hg(N0y 4- 2Na'S0* + 2N=0". 

With mercuric chloride — 

3HgCP+ 2Na^S»0» + 2ffO=2HgS.HgCl*4 2Ka«SOH4HCl. 

(a) ]l£ercur<nt9 Salts : The solutioii oontainiDg the metal only as a proto- 
salt 18 diluted, gently heated, and the hyposulphite delivered m from the 
harette at intervals, meanwhile well shaking until the last drop produces no 
brown colour. The sulphide settles freely, and allows the end of the reaction 
to be easily seen. 1 c.o. of hyposulphite solution is equal to 0*020 gm. Hg., 
or 00208 gm. Hg^O. 

(5) Mercuric NUraU : The solution is considerably diluted, put into a 
stoppered flask, nilric acid added, and the hyposulphite cautiously delivered 
from the burette, vigorously shaken meanwhile until the last drop produces 
no further yellow precipitate. Soberer reoommends that when me greater 
part of the metal is precipitated, the mixture should be diluted to a definite 
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▼olame,th6 precipitate allowed to settle, and a measaredqnaiitity oi the clear 
liquid taken for the completion of the prooen ; the analysis may then be 
ohecked by & second titration of the dear liquid, if needfuL 1 c.c. hyposul- 
phite is equal to 0-016 gm. Hg., or 00162 gm. HgO. 

(c) Mercuric Chloride : With mercuric chloride (sublimate) the end of 
the process is not so easily seen ; the course of procedure is as foUows :— The 
▼ery dilute solution is acidified with hydrochloric acid, heated nearly to 
boiling, and the hyposulphite cantiously added so long as a white precipitate 
is seen to form ; an^ great excess of the precipitant produces a dirty-looking 
colour. Filtration is necessary to distinguish the exact ending of the reaction, 
for which purpose Be ale's fflter (fig. 88) is useful. 

Liebig's method is the leveree of that used for detennining 
chlorides in urine, sodic phosphate being used as indicator iu the 
estimation of mercury, instead of the urea occurring naturally in 
urina The method is capable of very slight application. 



5. Am Xerourio Iodide (Pereonne), Ck>mpt. Bend. ItL 6B. 

This process is founded on the fact that if a solution of mercuric 
chloride be added to one of potassic iodide, in the proportion of 
I equivalent of the former to 4 of the latter, red mercuric iodide is 
formed, which dissolves to a colourless solution until the balance is 
overstepped, when the brilliant red colour of the iodide appears as 
a precipitate, which, even in the smallest quantity, communicates 
its tint to the liquid. The mercuric solution must always be added 
to the potassic iodide; a reversal of the process, though giving 
eventually the same quantitative reaction, is nevertheless much less 
speedy and trustworthy. The mercurial compounds to be estimated 
by this process must invariably be brought into the form of neutral 
mercuric chloride. 

The standard solutions required are decinorma],made as fc^ows : — 

Sdtdim ofPataBsic Iodide. — 33*2 gm. of pure salt are dissolved, 
and diluted to 1 liter. 1 c.c.=001 gm. Hg., or 001355 gm. HgCR 

Solution of Mercuric OJiloride. — 13-537 gm. of the salt, with about 
30 gm. of pure sodic chloride (to assist the solution of tiie mercuric 
salt), are dissolved and diluted to 1 liter. 1 cc.=0*l gm. Hg. 

The conversion of various forms of mercury into mercuric chloride 
is, according to Personne, best effected by heating with caustic 
soda or potash, and passing chlorine gas into the mixture, which 
is afterwards boiled to expel excess of chlorine (the mercuric 
chloride is not volatile at boiling temperature when associated with 
alkaline chloride). The solution is then cooled and diluted to a 
given volume, placed in a burette, and delivered into a measured 
volume of the decinormal potassic iodide until the characteristic 
colour occurs. It is preferable to dilute the mercuric solution con- 
siderably, and make up to a given measure, say 300 or 500 c.c. ; 
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and as a preliminary trial take 20 c.c. or so of potassic iodide 
solution, and titrate it with the mercuric solution approximately 
with a graduated pipette ; the exact strength may then be found by 
using a burette of sufficient size. 



6. By Potasslo Cyanide (Han nay). 

This process is exceedingly valuable for the estimation of almost 
all the salts of mercury when they occur, or can be separated, in a 
tolerably pure state. Organic compounds are of no consequence 
unless they affect the colour of the solution. 

The method depends on the fact that free ammonia produces a 
precipitate, or (when the quantity of mercury is very smaU) an 
opalescence in mercurial solutions, which is removed by a definite 
amount of potassic cyanide. The operation is performed in a flask 
or beaker standmg upon a dull black ground, such as unglazed 
black paper or black velvet. 

The delicacy of the reaction is interfered with by excessive 
quantities of ammoniacal salts, or by caustic soda or potash ; but 
this difficulty is set aside by the modifications suggested by Tuson 
and Neison {J. C. 8. 1877, p. 679). 

Mercury compounds, insoluble in water, must be dissolved in 
nitric, sulphuric, or hydrochloric acid, or in some cases it may be 
necessary to use aqua refjia. The solution so obtained is then 
mixed with a certain proportion of ammonic chloride and potassic 
carbonate, when the characteristic precipitate is at once formed, and 
may be removed by standard cyanide. 

The standard solutions are : — 

Decinormal Mercuric Chloride, — 1 3 537 gm. per liter. 

Solution of Potassic Cyanide of corresponding strength, made by 
dissolving about 17 gm. of pure crystals of potassic cyanide in a 
liter of water. 

It is also desirable to have — 

Solution of Ammonic Chloride, — 5*36 gm. per liter. 

Solution of Potassic Carbonate. — G9 gm. per liter. 

Ammonic Hydrate, — One part of strong solution to nine parts 
of water. 

These latter solutions are used according to the judgment of the 
operator as may be necessary, bearing in mind that in no case 
should there be present during titration an amount of ammoniacal 
salt more than ten or fifteen times that of the mercury to be 
estimated. It is best to have the conditions as nearly as possible 
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the eamo in any given analysis as existed in the original titration 
of the standard solutions. 

Where the mercury compound is only slightly acid, the free 
ammonia may be used for neutralizing ; on the other hand, in the 
case of much free acid potassic carbonate should be used for this 
purpose, preceded by some ammonic chloride in moderate quantity 
to produce the precipitate. If any mercurial solution should be 
largely contaminated with ammonia compounds, potassic carbonate 
is added in excess, and the mixture boiled to remove the ammonia. 
No mercury is lost by this method, but on the other hand it is 
unsafe to attempt the removal of free acid by boiling, as mercury is 
easily lost under such conditions. 

Titration of the Potcutic Cyanide: 50 c.c. of the standard mercuric 
chloride being measured into a beaker standing on a black surface, there arc 
added to it 2 or 3 c.c. of ammonic chloride and a drop or two of ammonia. 
The ojanide is then run cautiously in from the burette with constant stirring, 
until the last trace of opalescence disappears. If the volume of cyanide is 
less than 60 c.c. it may be diluted to the requisite strength, or if more, a factor 
found for calculation. The solution varies slightly from time to time, and 
hence must be verified before use. 

Tuson found the process exceedingly accurate in a long series of 
experiments upon various salts of mercury. In the case of very 
small quantities of the metal j ^^ cyanide should bo used. 

NICKEL. 

§ 66. The estimation of this metal volumetrically is tedious 
and difficult. If a solution of it in a tolerably pure state can be 
obtained by the removal of other metals and substances liable to 
interfere with its precipitation as oxalate, it may bo titrated in that 
Ibrm in the same way as zinc {§ 78). The estimation in conjunction 
with cobalt is given in § 53. 



NITBOaEN AS 


NITRATES AND NITRITES. 


Nitric Anhydride. 




NW=108. 


Nitrous Anhydride. 




N'0*=76. 




Factors. 


Normal acid 


X 0-0540= WQr' 


Ditto 


X 0-1011= KNO^^ 


Metallic iron 


X 0-3750= HNO* 


Ditto 


X 0-6018= KKO'» 


Ditto 


X 0-32U=NW 



§ 67. The accurate estimation of nitric acid in combination 
presents groat difficulties, and can only be secured by indirect 
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means ; the methods here given are sufficient for most purposes. 
Very few of them can bo said to be simple, but it is to be fearod 
that no simple process can ever be obtained for the determination 
of nitric acid in many of its combinations. 



1. G-ay Luasao's Uethod modifled by Abel (applicable only 
to AllrallTie Nitrates). 

This process depends upon the conversion of potassic or sodic 
nitrates into carbonates by ignition with carbon, and the titration 
of the carbonate so obtained, by normal acid, as described in alka- 
limetry. The number of c.c. of normal acid required multiplied by 
0*101 will give the weight of pure potassic nitrate in grams; 
by 0-085, the weight of eaiic nitrate in grams. 

The best method of procedure is as follows : — 

The sample is finely powdered and dried in an air bath^ and 1 gnm, or an 
equivalent quantity in grains, weighed, introduced into a platinum crucible, 
and mixed with a fourth of its weight of pure giupUte (prepared by 
Brodie's process), and four times its weight of pure ignited^ sodic chloride. 
The crucible is then covered and heated moderately for twenty minutes over 
a Buns en's burner, or for eight or ten minutes in a muffle (the heat must 
not be so great as to volatilize the chloride of sodium to any extent). If 
sulphates are present they will be reduced to sulphides ; and as. these would 
consume the normal acid, and so lead to false results, it is necessarv to 
sprinkle the fused mass with a little powdered potassio chlorate, and neat 
again moderately till all eflfervesoenoe has ceased. . The crucible is then set 
aside to cool, warm water added, the contents brought upon a filter, and 
washed with hot water till the washings are no longer alkaline. The filtrate 
is then titrated with litmus and normal acid in the ordinary way. 



2. Estimation of Nitrates by Distillation with Sulphuric Aoid. 

This method is of very general application, but pai'ticularly so 
with the impure alkaline nitrates of commerce. The process needs 
careful manipulation, but yields accurate results. 

There are two methods of procedure. 

(a) To bring the weighed nitrate into a small tubulated retort with a 
cooled mixture of water and strong sulphuric acid, in the proportion of 10 c.c. 
of water and 5 c.o. of sulphuric acid for 1 gm. of nitrate. The neck of the 
retort is drawn out to a point and bent downward, entering a potash or other 
convenient bulb apparatus containing normal caustic alkali. The retort is 
then buried to its neck in the sandbath, and . heated to 170** C. (SSS*" Fahr.) 
so long as any liquid distils over ; the heat must never exceed 175° G. 
(347° Fahr.), otherwise traces of sulphuric acid will come over with the 
nitric acid. The quantity of acid distilled over is found by titrating the 
fluid in the receiver with normal acid as usual. 

(6) Distillaiion in a Partial Vacuum (Finkener). — By this 
arrangement there is no danger of contaminating the distillate with 
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sulphuric acid, inasmucli as the operation is conducted in a water 
bath, and when once set going needs no superintendence. 

The retort is the same as before described, but the neck is not drawn out 
or bent ; the stopper of the tubulure must be well ground. The receiver is 
a 200-c.o. flask with narrow neck, containing the requisite quantity of normal 
alkali diluted to about 80 o.o. The receiTer is bound, air-tight, to the neck 
of the retort (which should reach nearly to the middle of the flask) by 
means of a Vulcanized tube : the proportions of acid and water before men- 
tioned are introduced into the retort with a tube funnel. The stopper of the 
retort is then removed, and the contents, both of the receiver and retort, 
heated by spirit or gas lamps to boiling, so as to drive out the air ; the 
weighed nitrate oontAined in a small tube is then dropped into the retort, 
the stopper inserted, the lamps remoYcd, and the retort brought into the 
water bi^h, while the receiver is kept cool with wet tow, or placed in cold 
water. The distillate is titrated as before. 1 or 2 gm. of saltpetre require 
about four hours for the completion of the process. 

Finkener obtained very accurate results by this method. 
When chlorides are present in the nitrate, a small quantity of 
moist oxide of silver is added to the mixture before distillation. 



8. Estimation by oonversion into Ammonia (Schulse and 
Vernon Harcourt). 

The principle of this method is based on the fact that when a 
nitrate is heated with a strong alkaline solution, and zinc added, 




Fig. 84. 

ammonia is evolved ; when zinc alone is used, however, the quantity 
of ammonia liberated is not a constant measure of the nitric acid 
present Vernon Harcourt and Siewert appear to have 
arrived independently at the result that by using a mixture of zinc 
and iron the reaction was perfect {J, C, 8, 1862, p. 381 ; An, CTiem. 
t*. Phxir. cxxv. p. 293). 

A convenient form of apparatus is shown in fig. 34. 
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The distilling flask holds about 200 c.c, and is closely oonnected by a bent 
tube with another smaller flask, in such a manner that both majr be placed 
obliquely upon a sandbath, the bulb of the smaller flask coming just under 
the neck of the larger. The oblique direction prevents the spirting of the 
boiling liquids from entering the exit tubes, but as a further precaution, 
these latter are in both flasks turned into the form of a hook ; from the second 
flask, which must be somewhat wide in the mouth, a long tube passes through 
aLiebig's condenser (which majr be made of wide glass tube) into an 
ordinary tubulated receiver, containing normal sulphuric acid coloured with 
litmus. The end of the distilling tube reaches to about the middle of the 
receiver, through the tubulure of which Har court passes a bulb apparatus 
of peculiar form, containing also coloured normal acid ; instead of this latter, 
however, a chloride of calcium tube, fllled with broken glass, and moistened 
with acid, will answer the purpose. The distilling tube should be cut at 
about two inches from the cork of the second flask, and oonnected by means 
of a well-fitting vulcanized tube ; by this means water may be passed through 
the tube when the distillation is over, so as to remove any traces of ammonia 
which may be retained on its sides. All the corks of the apparatus should 
be soaked in hot paraffine, so as to fill up the pores. 

All being ready, about 50 gm. of finely granulated zinc (best made by 
pouring molten zinc into a warm iron mortar while the pestle is rapidly being 
rubbed round) are put into the larger flask with about half the quantity of 
clean iron filings which have been ignited in a covered crucible (fresh iron 
and zinc should be used for each analysis) ; the weighed nitrate is then 
introduced, either in solution, or with water in sufficient quantity to 
dissolve it, strong solution of caustic potash added, and the flask immediately 
connected with the apparatus, and placed on a small sandbath, which can 
be heated by a gas-burner, a little water being previously put into the 
second flask. Convenient proportions of material are i gm. nitre, and 
about 25 c.c. each of water, and solution of potash of spec. grav. 1*3. 
The mixture should be allowed to remain at ordinary temperature for about 
an hour (Eder). 

Heat is now applied to that part of the sandbath immediately beneath 
the larger flask, and the mixture is gradually raised to the boiUng point. 
When distillation has actually commenced, the water in the second flask is 
made to boil gently ; by this arrangement the fluid is twice distilled, and any 
traces of fixed alkali which may escape the first are sure to be retained in the 
second flask. The distillation with the quantities above named will occupy 
about an hour and a half, and is completed when hydrogen is pretty freely 
liberated as the potash becomes concentrated. The lamp is then removed, 
and the whole allowed to cool, the distilling tube rinsed into the receiver, 
also the tube containing broken glass ; the contents of the receiver are then 
titrated with ^^ caustic potash or soda as usual. 

Eder recommends that an ordinary retort, with its beak set upwards, 
should be used instead of the flask for holding the nitrate, and that an 
aspirator should be attached to the exit tube, so that a current of air may be 
drawn through during and after the distillation. 

Chlorides and sulphates do not interfere with the accuracy of 
the results. Harcourt, Eder, and many others, including myself, 
have obtained very satisfactory results by this method. 

Siewert has suggested a modification of. this process ; — the dis- 
tilling apparatus is a 300 — 350 c.c. flask with tube leading to two 
small flasks connected together as wash bottles, and containing 
standard acid. For 1 gm. of nitre, 4 gm. of iron, and 10 gm, of 
zinc filings, with 16 gm. of caustic potash, and 100 c.e. of alcohol of 
sp. gr. 825 arc necessary. After digesting for lialf an hour in the 
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cold or in .slight warmth, a stronger heat may be applied to drive 
out all the ammonia into the acid flasks. Finally, 10 — 15 c.c. of 
fresh alcohol are admitted to the distilling flask, and distilled off 
to drive over the last traces of ammonia, and the acid solution then 
titrated residually as usual. The alcohol is used to prevent bumping, 
but this is also avoided in the original process by adopting the 
current of air recommended by Eder. 

The copper-zinc couple devised by Gladstone and' Tribe has 
been used by Thorpe for the reduction of nitrates and nitrites 
occurring in water residues, &c. {J, C. S. 1873, p. 545). . The 
resulting ammonia is distilled into weak hydrochloric acid, and an 
aliquot portion then Neslerized in the usual way. 

M. W. Williams (J. C. S. 1881, p. 100) has shown that this 
reduction, in the case of small quantities of nitric or nitrous acids 
may be carried on by mere digestion with a properly arranged 
couple at ordinary temperatures, and may safely bo hastened by 
increasing the temperature to about 25** C. in the presence of 
certain saline or acid substances ; alkaline substances, on the con- 
trary, retard the action. TTie details will be further described in 
Part VI. 



4. By Oxidation of Ferrous Salts (Pelouse). Not available in the 
presence of Organic Katter. 

The principle upon which this well-known process is based is as 
follows : — 

(a) When a nitrate is brought into contact with a solution of 
ferrous oxide, mixed with free hydrochloric acid, and lieated, part 
of the oxygen contained in the nitric acid passes over to the iron, 
forming a persalt, while the base combines with hydrochloric acid, 
and nitric oxide (NO*) is set free. 3 eq. iron =168 are oxidized by 
1 eq. nitric acids=63. If, therefoi'e, a weighed quantity of the 
nitrate be mixed with an acid solution of ferrous chloride or sul- 
phate, of known strength, in excess, and the solution boiled, to 
expel the liberated nitric oxide, then the amount of unoxidized 
iron remaining in the mixture, found by a suitable method of 
titration, the quantity of iron converted from ferrous into ferric 
oxide, will be the measure of the original nitric acid in the propor- 
tion of 168 to 63 ; or by dividing 63 by 168, the factor 0*375 is 
obtained, so that if the amount of iron changed as described bo 
multiplied by this factor, the product will be the amount of nitric 
acid present. 

This method, though theoretically perfect, is in practice liable to 
serious errors, o>ving to the readiness with which a solution of 
ferrous oxide absorbs oxygen from the atmosphere. On this 
account accurate results are only obtained by conducting hydrogen 
or carbonic acid gas through the apparatus while the boiling is 
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carried on. This modification has been adopted by Fresenias 
with very satisfiEUitory result& The boiling vessel may consist of a 
small tubulated retort, supported in such a manner that its neck 
inclines upward ; a cork is fitted into the tubulure, and through it 
is passed a small tube connected vrith a vessel for generating either 
carbonic acid or hydrogen. If a weighed quantity of pure metallic 
iron is used for preparing the solution, the washed carbonic acid or 
hydrogen should be passed through tbe apparatus while it is being 
dissolved ; the solution so obtained, or one of double sulphate of 
iron and ammonia of known strength, being already in the retort^ 
the nitrate is carefully introduced, and the mixture heated gently 
by a small lamp, or by the water bath, for ten minutes or so, then 
boiled until the dark-red colour of the liquid disappears, and gives 
place to the brownish-yellow of ferric compounds. The retort is then 
suffered to cool, the current of carbonic acid or hydrogen still being 
kept up, then the liquid diluted freely, and titrated with /^^ per- 
manganate. Owing to the irregularities attending the use of 
permanganate with hydrochloric acid, it is preferable, in case this 
acid has been used, to dilute the solution less, and titrate with 
bichromate. Two grams of pure iron, or its equivalent in double 
iron salt, 0-5 gm. of saltpetre, and about 60 c.c. of strong hydro- 
chloric acid, are convenient proportions for the analysis. 

Eder (Z. a. G. xvi. p. 267) has modified Fresenius' improve- 
ments as follows : — 1*5 gm. of very thin iron wire is dissolved in 
30 to 40 c.c. of pure fuming hydrochloric acid, placed in a retort 
of about 200 c.c. capacity ; the beak of the retort points upwards, 
at a moderately acute angle, and is connected with a U-tube, which 
contains water. Solution of the iron is hastened by applying a 
small fiame to the retort. Throughout the entire process a stream 
of CO^ is passed through the apparatus. When the iron is all 
dissolved the solution is allowed to cool, the stream of CO' being 
maintained ; the weighed quantity of nitrate contained in a small 
glass tube (equal .to about 0*2 gram H^O*) is then quickly passed 
into the retort through the neck ; the heating is continued under 
the same conditions as before, until the liquid assumes the colour 
of ferric chloride. The whole is allowed to cool in a stream of 
CO' ; water is added in quantity, and the unoxidized iron is deter- 
mined by titration with permanganate. The results are exceedingly 
good. If the CO' be generated in a flask, with a tube passing 
downwards for the reception of the acid, air always finds its way 
into the retort, and the results are unsatisfisM^tory. Eder recom- 
mends the use of Kipp's CO' apparatus. By carrying out the 
operation exactly as is now to be described, he has obtained very 
good results with ferrous sulphate in place of chloride. The same 
apparatus is employed ; the tube through which CO' enters the 
retort passes to the bottom of the liquid therein, and the lower 
extremity of this tube is drawn out to a fine point. The bubbles 
of CO' are thus reduced in size, and the whole of the nitric oxide 
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is removed from the liquid by the passage of these bubbles. The 
iron wire is dissolved in excess of dilute sulphuric acid (strength 
1 : 3 or 1 : 4). When the Uquid in the retort has become cold, a 
small tube containing the nitrate is <^uiekly passed, by means of a 
piece of platinum vrire attached to it, through the tubulus of the 
retort^ and the cork is replaced before the tube has touched the 
liquid ; CO' is agedn pase^ through the apparatus for some time, 
after which, by slightly loosening the cork, the tube containing the 
nitrate is allowed to fall into the liquid. The whole is allowed to 
remain at the ordinaiy temperature for about an hour — this is 
essential— after which time the contents of the retort are heated to 
boiling, CO' being passed continuously into the retort, and the 
boiling continued till the liquid assumes the light yellow colour of 
ferric sulphate. After cooling, water is added (this may be omitted 
with bichromate), and the unoxidized iron is determined by means 
of permanganate. Eder also desciibes a slight modification of this 
process, allowing of the use of a flask in place of the retort, and of 
ammonio-ferrous sulphate in place of iron wire. Although the 
titration with permanganate is more trustworthy when sulphuric 
acid is employed than when hydrochloric acid is used, he neverthe- 
less thinks that the use of ferrous chloride is generally to be recom- 
mended in preference to that of ferrous sulphate. When the 
chloride is employed, no special concentration of acid is necessary ; 
the nitric oxide ia more readily expelled from the liquid, and the 
process is finished in a shorter time. 

The final point in the titration with permanganate, when the 
sulphate is employed, is rendered more easy of determination by 
adding a little potassic sulphate to the liquid. 

(b) Direct titration of the resulting ferric salt by stagnates 
chloride. — Fresenius has adopted the use of stannous chloride for 
titrating the ferric salt with very good results. 

The following plan of procedure is recommended by the same 
authority. 

A solution of ferrous sulphate is prepared by dissolving 100 gm. 
of the crystals in 500 c,c. of hydrochloric acid of spec. grav. 11 ; 
when used for the analysis, the small proportion of fenic oxide 
invariably present in it is found by titrating with stannous chloride, 
as in § 60.1. The nitrate being weighed or measured, as the case 
may be, is brought together with 50 c.c. (more or less, according to 
the quantity of nitrate) of the iron solution into a long-necked 
flask, through the cork of which two glass tubes are passed, one 
connected with a carbonic acid apparatus, and reaching to the 
middle of the flask, the other simply an outlet for the passage of 
the gas. When the gas has driven out all the air, the flask is at 
first gently heated, and eventually boiled, to dispel all the nitric . 
oxide* The carbonic acid tube is then rinsed iuto the flask, and 
the liquid, while still boiling hot, titrated for ferric chloride, as in 
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§ 60.1. The liquid must, however, be suffered to cool before 
titrating with iodine for the excess of stannous chloride. While 
cooling, the stream of carbonic acid should still be continued. The 
quantity of iron changed into peroxide, multiplied by the factor 
0*375, will give the amount of nitric acid. 

Example : (a) A solution of stannous chloride was used for titrating 
10 c.c. of solution of pure ferric chloride, containing 0*216076 gm. of iron. 
25*66 c.c. of tin solution were required, therefore that quantity was equal to 
00807 gm. of HNO», or 0*069181 gm. of N^O^ 

(b) 50 c.c. of acid ferrous sulphate were titrated with tin solution for 
ferric oxide, and 0*24 c.c. were required. 

(c) 1 c.c. tin solution =8*3 c.c. iodine solution. 

{d) 0*2177 Rm. of pure nitre was boiled, as described, with 60 c.c. of the 
acid ferrous sulphate, and required 46*03 c.c. tin solution, and 4*7 c.c. iodine — 

4*7 c.c. iodine solution = 1*42 c.c. Sn. CF. 

The peroxide in the protosulphate solution = 0*24 o.o. 

1*66 
4503— 1*66=43*37, therefore 25*66 : 0*069131 =48-37 : «, =01169 NH>' 
instead of 0*1163, or 53*69 per cent, instead of 53'41. A mean of this, with 
three other estimations, using variable proportions of tin and iron solutions, 
gave exactly 53*41 per cent. The process is therefore entirely satisfactory 
in the case of pure materials. 

The above process is slightly modified by Eder. About 10 gm. 
of ammonio-ferrous sulphate are dissolved in a flask, in about 50 c.c. 
of hydrochloric acid (sp. gr. 1*07) in a stream of CO^. The tube 
through which the CO* enters is drawn to a point ; an exit-tube, 
somewhat trumpet-shaped, to admit of any liquid that may spirt 
finding its way back into the flask passes downwards into water. 
After solution of the double salt, the nitrate is dropped in" with 
the precautions already detailed, and the liquid is boiled until the 
nitric oxide is all expelled. The hot liquid is diluted with twice 
its own volume of water, excess of standard stannous chloride 
solution is run in, the whole is allowed to cool in a stream of CO', 
and the excess of tin is determined by means of a standard iodine 
solution. 

(c) Direct Titration of the resulting Ferric Chloride hy Iodine 
and Htjposvlphite, — Mohr proceeds as follows : — The dry nitrate, 
with twelve times its weight of double iron salt, is placed in 
u 100 — 150 c.c flask, with about 50 c.c. of hydrochloric acid and 
a little water. The flask is closed with a cork through which 
is passed a glass tube cut obliquely below the cork ; about 1 J inch 
of stout vulcanized tube is then fixed over the upper end of the 
glass tube and closed with a piece of solid glass rod. A slit is cut 
vertically in the elastic tube, so that when the contents of the flask 
boil the steam may escape from the valve so formed ; the atmospheric 
pressure closes this valve when boiling ceases. The contents are 
boiled till all the nitric oxide is driven oflF and the solution is the 
colour of ferric chloride, then cooled, and a sufliciency of potassic 
iodide added to decompose the ferric chloride ; when this is complete, 
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starch is added, and the mixture titrated with hyposulphite. As the 
oxygen in nitric acid represents three times its equivalent of hypo- 
sulphite, 



0-0063 



=0-0021 HNO» or 



00101 



=0-00337 KNO* 




Fig. 85. 



The quantity of hyposulphite used multiplied hy these factors will 
give the quantity of nitric acid or potassic nitrate respectively. 
Mohr obtained by this method very good results. My own trials, 
however, have not been very satisfEictory. 

(d) Holland's Modification of the 
Pelouze process.—The arrangement of 
apparatus shown in fig. 35 obviates the 
use of an atmosphere of H or CO^ a is a 
long-necked assay flask drawn off at b, so 
as to form a shoulder, over which is passed 
a piece of stout pure india-rubber tube, 
D, about 6 centimeters long, the other end 
terminating in a glass tube, f, drawn off 
so as to leave only a small orifice. On 
the elastic connector d is placed a screw 
compression clamp. At c, a distance of 
3 centimeters from the shoulder, is 
cemented with a blow-pipe a piece of glass 
tube about 2 centimeters long, surmounted by one of stout elastic 
tube rather more than twice ^at length. The elastic tubes must be 
securely attached to the glass by binding with wire. After binding, 
it is as well to turn the end of the conductor back and smear the 
inner surface with fused caoutchouc, and then replace it to render 
the joint air-tight. 

Th0 Analytical Process : A small funnel is inserted into the elastic tube at 
c, the clamp at D being for the time open ; after the introduction of the 
solution, followed by a little water which washes all into the flask, the funnel 
is removed, and the flask supported by means of the wooden clamp, in the 
inclined position it occupies in the figure. The contents are now made to 
boil so as to expel all air and reduce the volume of the fluid to about 4 or 6 c.c. 
When this point is reached a piece of glass rod is inserted into the elastic tube 
at c, which causes the water vapour to escape through f. 

Into the small beaker is put about 50 c.c. of a previously boiled solution of 
ferrous sulphate in hydrochloric acid (the amount of iron already existing 
as penalt must be known). 

The boiling is still continued for a moment to ensure perfect expulsion of 
air from T, the lamp is then removed, and the caoutchouc connector slightly 
compressed with the first finger and thumb of the left hand. As the flask 
cools the solution of iron is drawn into it; when the whole has nearly receded 
the elastic tube is tightly compressed with the fingers, whilst the sides of the 
beaker are washed with a jet of boiled water, which is also allowed to pass 
into the fiask. The washing may be repeated, taking care not to dilute more 
than is necessary or admit air. Whilst f is still full of water, the elastic 
oonneotor previously oprnpreseed with the fingers is now securely closed witii 

P 
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ihe ohunp, the Borew of which is worked with the right hand. Provided 
the olamp ifl a good one, F will remain full of water daring the subsequent 
digestion of the flask. 

After heating in a water bath at 100** for half an hour, the flask is removed 
from the water bath and cautiously heated with a small flame, the fingers at 
the same time resting on the elastio connector at the point nearest the 
shoulder ; as soon as the tube is felt to expand, owing to the pressure from 
within, the lamp is removed and the scrow damp roleased, the fingers main- 
taining a seouro hold of the tube, the gas-flame is again replaced, and when 
the pressuro on the tube is again felt, this latter is roleased altogether, thus 
admitting of the escape of the nitric oxide through F, which should be 
below the surface of water in the beaker whilst these manipulations aro 
performed. The contents of the flask aro now boiled until the nitric oxide 
18 entirel V expelled, and l^e solution of iron shows only the brown colour of 
the peronloride. At the completion of the operation the beaker is first 
romoved, and then the lamp. 

It now only nmains to transfer the ferric solution to a suitable vessel, and 
determine the perohloride with stannous chloride as in b, 

A mean of six experiments for the per<^ntage determination of 
Wiy in pure nitre gave 53-53 per cent, instead of 53*41. The 
process is easy of execution, and gives satis£actory results. The 
point chiefly requiring attention is that the apparatus should be 
air-tight, which is secured by the use of good elastic tabes and 
clamp. 



6. 8 Ohio sing's Kethod (available in the presence of Orffanio 

Matter). 

The solution of nitrate is boiled in a flask till all air is expelled, 
then an acid solution of ferrous chloride drawn in, the mixture 
boiled, and the nitric oxide gas collected over mercury in a balloon 
filled with mercury and milk of lime ; the gas is then brought, 
without loss, in contact with oxygen and water, so as to convert it 
again into nitric acid, then titrated with -^ alkali as usual. 

This method was devised by Schlosing for the estimation of 
nitric acid in tobacco, and is especially suitable for that and similar 
purposes, where the presence of organic matter would interfere with 
the direct titretion of the iron solution. Where the quantity of 
nitric acid is not below 0*16 gm. the process is fairly accurate^ but 
needs a special and rather complicated arrangement of I4>paiatu8, 
the description of which may be found either in the auUior's original 
paper in Atmal. de Chim. [31 xL p. 479, or Joum. fur pract, 
Chem, Ixii. p. 142, also abridged in Fresenius' QMCLnt Anal. 
sixth German, or second English edition. 

Warington (J. C. 8. 1880, p. 468) has made a series of 
experiments on this process, for the purpose of testing its accuracy, 
when small quantities of nitric acid have to be determined in the 
presence of organic substances, such for instance as in soila, the sap 
of beet-root, &c. ; but instead of converting the nitric oxide back 
into nitric acid as in Schlosing' s original method, he collected 
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the gas either oyer caustic soda as lecommended by Eeichardt, or 
over mercTuyy and ascertained its amount by measurement in 
Frank land's gas apparatus. The results obtained by Warington 
plainly showed that even on the most favourable circumstances the 
method as usually worked in Grermany, either by the alkalimetric 
titration or by measurement of the gas, invariably gave results much 
too low, especially if the quantity of nitrate operated on was small, 
say 5 or 6 centigrams of nitre ; moreover, when sugar or similar 
organic substance was present the resulting gas was very impure, 
and the distillates were highly coloured from the presence of some 
volatile products. The nitric oxide also suffered considerable 




P!g. 86. 



diminution of volume, when left for any time in contact with the 
distillate, especially when over caustic soda. This being the case, 
the following modification originally recommended by Schlosing 
was adopted, in which carbonic anhydride was employed, both to 
assist in expelling the air &om the apparatus, and to chase out 
the nitric oxide produced. 

The form of apparatus adopted by Warington is shown in 
fig. 36. The vessel in which the reaction takes place is a small 
tubulated receiver, the tubulure of which has been bent near its 
extremity to make a convenient junction with the delivery tube, 
which dips into a trough of mercury on the left The long supply 

P 2 
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tube attached to the receiver is of small bore, and is easily filled by 
a ^ c.c. of liquid. The short tube to the right is also of small bore, 
and IB connected by a caoutchouc tube and clamp with an apparatus 
for the continuous production of carbonic acid. 

In using this apparatus the supply tube is first filled with strong 
hydrochloric acid, and carbonic acid is passed through the apparatus 
till a portion of the gas collected in a jar over mercury is found to 
bo entirely absorbed by caustic potash. The current of carbonic 
acid is then stopped by closing the clamp to the right. A chloride 
of calcium bath at 140® is next brought under the receiver, which 
is immersed one-half or more in the hot fluid ; the temperature of 
the bath is maintained throughout the operation by a gas-burner 
placed beneath it. By allowing a few drops of hydrochloric acid to 
enter the hot receiver, the carbonic acid it contains is almost entirely 
expelled. A jar filled with mercury is then placed over the end of 
the delivery tube, and all is ready for the commencement of a 
determination. 

The nitrate, which should be in the form of a dry residue in a 
small beaker or basin, ib dissolved in about 2 cc* of strong ferrous 
chloride solution, 1 c.c. of strong hydrochloric acid is added, and 
the whole is then introduced into the receiver through the supply 
tube, being followed by successive rinsings with hydrochloric acid, 
each rinsing not exceeding a ^ cc, as the object is to introduce 
as small a bulk of liquid as possible. The contents of the 
receiver is in a few minutes boiled to dryness ; a little carbonic 
acid is admitted before dryness is reached, and again afterwards to 
drive over all remains of nitric oxide. If the gas will not be 
analyzed till next day it is advisable to use more carbonic acid, so 
as to leave the nitric oxide diluted with several times its volume of 
that gas. As soon as one operation is concluded the apparatus is 
ready for another charge. 

This mode of working presents the following advantages : — 

(1) The volume of liquid introduced into the apparatus is much 
diminished, and with this of course the amount of dissolved air 
contributed from this source. 

(2) By evaporation to dryness a complete reaction of the nitrate 
and ferrous chloride, and a perfect expulsion of the nitric oxide 
formed, is as far as possible attained. 

(3) The nitric oxide in the collecting jar is left in contact with 
a much smaller volume of acid distillate, and its liability to 
absorption is greatly diminished by its dilution with carbonic acid. 

The results obtained with this apparatus by Warington on 
small quantities of nitre alone, and mixed with variable quantities 
of ammonia salts and organic substances including sugar, showed a 
marked improvement upon the method as usually carried out. 

* Snpjporinff the ferrous ohloride to contain 2 ttm. of iron per 10 co., then 1 c.o. of 
the solution wiU he nearlr equiralent to 012 gm. of nitre, or 001^ gm* of nitrogen. 
A considerable ezoess of iron should, howsTer, alwajs be used. 
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In the experiments with organic matter a considerable improve- 
ment is manifest. Bearing in mind the ingredients known to occur 
in vegetable juices, determinations were made of nitrates in the 
presence of ammonium salts, asparagin, albuminoids, and sugar; 
none of these substances appear to have any practical influence on 
the result. In the previous mode of working, and with the same 
quantity of nitrates, the per-centage result fell from 87 to 80*6 per 
cent, by the addition of sugar. The product with sugar is now 
93' per cent, that with pure nitre being a trifle higher.* 

The loss of nitric oxide by standing in contact with the distillate 
is also now hardly perceptible, as was shown by comparing the 
results obtained by an immediate analysis of the gas with those 
yielded by analyses made the following day. 

The method here described is not well suited for the analysis of 
nitrites. A nitrite treated with the ferrous chloride solution is at 
once decomposed, and nitric oxide evolved. Nitrites must thus be 
introduced into the apparatus with water only, and the bulk of the 
liquid used thus inconveniently increased. A better plan is to 
convert nitrites into nitrates by means of peroxide of hydrogen 
solution, or by permanganate, and then proceed as already directed. 
Solution of peroxide of hydrogen will convert a neutral solution of 
potassic nitrite into nitrate in a few minutes ; the excess of peroxide 
will, of course, be dissipated during the evaporation to dryness. 



6. Estiinatlon by oonversion into Ammonia with Stannoua 
Chloride (Puffli). 

This process is based on the fact that when a nitrate is digested 
under pressure, and at a temperature of about 160** C. with an 
excess of stannous chloride and hydrochloric acid, the following 
reaction occurs : — 

HNO«+4SnCP+8HCl= NHH 4SnClH 3H*0. 

1 eq. of nitric acid, therefore, under the above conditions, convei-ts 
4 eq. of tin from the state of proto to per-chloride, consequently, if 
an unknown quantity of nitric acid be digested with a sufficient 
excess of stannous chloride of known strength, and the quantity 
changed into perchloride be afterwards found by a suitable method 
of titration, the proportion of nitric acid will be found, supposing 
in all cases that no other substance is present, capable of effecting 
the same change in the tin solution. 

Pugh arrived at the knowledge of the reaction described, by 
careful experiments, which are detailed in J, C, 8. xii. p. 35 ; and 
used the process devised by Strong for titrating the strength of 

* Mr. Warington informs me that he has since obtained stiU better resalts 
by adopting extra precautions to avoid the entrance of oxygen, either in the carbonic 
acid, or in the other materials employed. When using 0*0101 gm. of nitre, 977 per 
cent, of the nitit^eu present was obtained. 
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tin solution; namely, potaesic bichromate, potassic iodide, and 
starch. Experience has shown, however, that the estimation of tin 
by this method is far ^m satisfistctory, owing to the yariable 
amount of oxidation which the tin solution undergoes when 
different quantities of water or acid are present during the titration. 
In my experiments on the process I have therefore adopted the 
method of Lenssen (§ 76) for estimating the strength of the tin 
solution, with the most satisfactory results, using in all cases an 
accurately weighed quantity of pure potassic nitrate for the analysis. 

Example: (a) A BolutioQ of pure nitre was prepared so that 1 c.o.= 
01 gm. KNO«. 

(h) A solution of pure tin in hydrochlorio aoid, as in § 84.2. ^ 

(c) A piece of stout comboftion tube, about half an inch in diameter and 
fifteen inones long, was dosed at one end, then heated before the blowpipe at 
about nine inches from the closed end, and drawn out for the space of an 
inch to a narrow neck ; the tube was then out off just above this neck, so as 
to leave a kind of funnel mouth. 

(d) 1 0.0. of the tin solution was measured with a very accurate pipette 
into a 500 or 600 o.o. flask; about 8 or 4 o.o. of saturated solution of Boohelle 
salt added ; then a solution of pure sodio carbonate, till all efferveeoenoe was 
over, and the liquid clear and slightly alkaline. The sides of the flask were 
then washed down with cold distilled water, and about 20 o.c. of saturated 
solution of sodio bicarbonate delivered in ; then starch liquor, and /, iodine 
solution from a i\ c.o. burette, tiU the blue oolour appeared. 17*9 o.o. were 
required, and as 1 c.o. of /, iodine oorresponds to 0*0069 gm. tio, 1 o.o. of the 
tin solution contained 010561 gm. of tin. 

(«) 2 c.c. of the solution a were then measured into the tube o. 14 c.c. 
of tin solution added, the funnel neck washed down with a few drops of 
water, a fragment of pure marble dropned in to evolve carbonic anhydride, 
and thus dispel all air from the tube. ^Wnen the evolution of gas had ceased, 
the neck was heated and well closed ; about two inches of space were thus 
left filled with carbonic anhydride. When the closed end was oold, the tube 
was shaken so as to mix the Uquids well, put into a copper air bath, and 
heated to 160° C. for about fifteen minutes ; then allowed to cool, and when 
perfectly cold the end of tiie tube broken off, the contents transferred 
to a large flask, and titrated with the alkaline tartrate and carbonate, as in 
d ; the tube was then washed through with cold distilled water into the flask, 
sodio bioarbonate in solution or in powder added, and the unchanged tin 
solution titrated with ^ iodine, as described in ds the quantity required was 
88*6 c.c. The calculation was therefore as foUows : — 

1 CO. tin solution -=010661 gm. tin, oonsequently 14 c.c.=l'47864 gm., 
from this must be deducted the weight of tin corresponding to 88*6 c.c. ^ 
iodine= 0*52274 gm., showing that 0*9558 gm. of tin had been oxidised by the 
nitric acid present; this in turn being multiplied by the foctor 0*1144 
(obtained by dividing the eq. weight of nitric acid by four times the eq. of 
tin) ^ve 0*10984 gm. NK>^; theory requires that 0*2 gm. ENO^ should 
contain 0*10693 gm. In this case, therefore, the per-centi^ of nitric acid in 
the salt was found to be 54'67j whereas it should be 68*41 ; but the mean of 
fifteen experiments made with variable quantities both of tin solution and 
nitrate (always taking care that at least 10 eq. of tin were present for every 
one eq. of nitric acid) gave 64*1 per cent, instead of 68*41. 

{The titration with iodine may be entirely dispensed with by 
dLstniing the ammonia from the tin solution, after digestion, in the 
apparatus shown in fig. 19. In this case the liquid is simply 
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neutralized with caustic soda or potash, brought into the distilling 
flask, an excess of caustic alkali added, the contents of the flask 
boiled (as in § 18), the ammonia received into normal acid, and 
titrated in the ordinary way. 

Chapman and Schenk have found that in estimating nitrates 
in substances containing nitrogenous organic matter, such as sewage 
or other impure waters, Pugh*s process is useless. Albumen, 
gelatine, or urea, evolve ammonia by digestion with stannous 
chloride without the latter being the least oxidized in the process. 

In the case of water residues, or other matters containing organic 
matter of a non-nitrogenous character, the nitric acid must not be 
estimated by the oxidation of the stannous salt^ but by distillation 
of the ammonia. 

When no organic matters affecting the tin solution are present, 
the process is trustworthy. Gallic and pyrogallic acids or mannito 
have no reducing effect on the tin. 

If sulphuric acid or a soluble sulphate is present in the substance 
digested with the solution of tin, sulphurous acid will be formed ; 
baric sulphate is, however, not affected, consequently, it is necessary 
to precipitate the sulphuric acid by baric chloride, previous to 
digestion, when the method of estimation by iodine is used. 



7. Estixnatlon by Standard Indlffo Solation. 

This process, originally devised by Marx (Z. a. (7. vii. p. 412), 
and afterwards modified and improved by Goppelschrbder and 
others, has commanded a great deal of attention as a ready and 
convenient one for estimating the nitrogen existing as nitrates, and 
nitrites in waters, &c., but it is subject to great irregularity imless 
conducted with special precautions. The principle of the method 
is that of liberating free nitric and nitrous acids from their combi- 
nations by the aid of jstrong sulphuric acid, and measuring the 
quantity so liberated by the decoloration of a solution of indigo. 

As a general rule, in the case of waters, no amount of inter- 
ference is produced by the presence of chlorides, sulphates, or 
alkaline and earthy matters usually found. 

In the previous edition of this book, the process, as modified by 
Thorp and myself, was given ; but since that time Warington 
has extensively experimented on the method with great discriminar 
tion, and found out its weak points, the result being that when the 
method is carried out in the way adopted by him in the case of 
potable waters, drainage waters, soil extracts, &c, m the absence of 
much organic matter, very concordant results are obtained, differing 
very slightly from other established methods. These valuable contri- 
butions by Warington are given in two papers (C N. xxxy. p. 45, 
and J. C, S. 1879, p. 578), and may be summarized as follows : — 
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Standard Poiassic Nitrate, — 1-011 gm. of the pure salt in a 
liter of distilled water. This is in reality a centinormal solution of 
nitre, and is of the strength originally adopted by myself for 
working the process. 

Weak Standard Nitre, — One part of the centinormal solution 
to three parts of water. 

A series of weaker solutions of nitre are also requisite for standard- 
izing the indigo, which are made of |, ^ij, ^i^, and -^^ the original 
strength by simple dilution with distilled water. 

Strong Standard Solution of Indigo. — This should be made 
from pure sublimed indigotin, 2 gm. of which, digested with about 
10 gm. of fuming sulphuric acid for some hours, diluted to about a 
liter and filtered, will give a solution of approximate strength. 
When actually adjusted so as to agree with the centinormal nitre 
solution, 4 per cent, by volume of oil of vitriol, or about that propor- 
tion, should be contained in it; this prevents alteration by keeping. 

Weak Standard Indigo. — This is made to agree with the J 
standard nitre solution by actual experiment^ as described further 
on, and should also contain 4 per cent, of its volume of IPSO^. 

In making these solutions of indigo the so-called indigo-carmine 
has often been used (sodic sulphindylate), but this compound 
generally gives more I'ed colour when oxidized by nitric acid than 
pure indigotin ; nevertheless, there are some specimens of indigo- 
carmine which are quite available for the purpose. 

A burette divided into ^ c.c. should be used for the indigo, but 
owing to the deep colour of the solution the reading is difficult. 
This may be considerably lessened by rubbing with the finger some 
white lead or chalk, mixed with oil or varnish, over the outside of 
the burette, then wiping the outside of the instrument clean, so as 
to leave the graduations and figures filled with white. In the case 
of using an Erdmann's float, if the ring .is deeply cut, and filled 
with white material, as also the graduations of the burette, a 
remarkably sharp reading may be obtained in the case of all opaque 
or highly coloured liquids. 

In water analysis it is most convenient to work with 20 c.c. of 
the water ; when^ this is done it is necessary to standardize the 
indigo with 20 c.c. of the ^, -^i^, -^, and ^^ nitre solutions. If 
10 C.C. of water are to be employed, the indigo must be also 
standardized with 10 c.c. of the ^ and ^ nitre solutions. It is 
most useful to standardize both for 10 c.c. and 20 c.c. of water, as 
waters of a greater range of strength can then be analyzed without 
dilution. It is unnecessary to standardize with 10 c.c. of the 
weaker nitre solutions ; if the amount of nitrate in a water is no 
greater than that in the ^ nitre solution, 20 c.c. of the water may 
be at once taken for analysis. 
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A large supply of pure distilled oil of vitriol will be required for 
extensive water analysis. It should be colourless, quite free from 
nitrous compounds, and contain as little as possible of sulphurous 
acid, and must be of nearly full gravity. As any variation in the 
acid affects the determination, it is best to mix the contents of all 
the bottles purchased before proceeding to standardize the indigo. 
The oil of vitriol is measured for use in a tolerably wide burette 
provided with a glass stop-cock. A test-tube with foot, marked at 
each 2 c.c. from 10 to 40 c.c. answers very well for the oil of vitriol 
and dispenses with the burette ; the oil of vitriol is then kept in a 
stoppered bottle. 

A further requisite is a chloride of calcium bath, provided with 
a thermometer ; the bath is conveniently made in a porcelain basin. 
The temperature to be maintained is 140** C. As the temperature 
keeps rising from the evaporation of the solution, it is necessary to 
bring it down to the required [point by the addition of a little 
water, or chloride of calcium solution, immediately before each 
experiment The chloride of calcium bath is not required when 
strong solutions of nitrate are analyzed by the stronger solution of 
indigo, the reaction in such cases being almost immediate. With 
weak solutions of indigo and nitrate the reaction may take some 
time, in extreme cases as much as five minutes, and it becomes 
essential for accuracy that the temperature should be maintained 
throughout at the normal point. 

The standardizing of the indigo solution is performed as 
follows : — 

10 c.c. or 20 C.C.- of the standard nitre solution aro placed in a wide- 
mouthed flask of about 150 c.o. capacity, as much indigo solution is measured 
in as is judged sufficient, and the whole mixed. Oil of vitriol J3 next run 
from the burette into a test-tube, in quantity exactly equal to the united 
volumes of the nitre solution and indigo. The contents of the test-tube are 
then poured as suddenly as possible into the solution in the flask, the whole 
rapidly mixed, and the flask at once transferred to the chloride of calcium 
bath. It is essential for concordant results that the oil of vitriol should be 
uniformly mixed with the solution as quickly as possible. This is especially 
neoessaiy in the case of strong solutions of nitrate in which the action begins 
immediately after the addition of the sulphuric acid ; with such solutions it 
is more difficult to get duplicate experiments to agree than with weaker 
solutions in which the action does not begin at once, and in which therefore 
time is afforded for mixing. The opener should not attempt to drain the 
test-tube ; the oil of vitriol adhering to the tube is a fairly constant quantity, 
and after the first experiment the tube will deliver the quantity measured 
into it. 

It is wen to have the flask covered by a watch-glass while holding it in 
the chloride of calcium bath. The progress of the reaction should be 
watched, and as soon as the greater part of the indigo has been oxidised, the 
contents of the flask should be gently rotated for a moment. With very 
weak solutions of pure nitre no chemge is observed for some time, and it may 
be necessaiy in some cases to keep the flask in the chloride of calcium bath 
for flye minutes. If the colour of the indigo is suddenly discharged it is a 
sign that the nitric acid is in considerable excess, and that a considerably 



Digitized by VjOOQIC 



218 HANDBOOK OF § 67. 

larger amount of indigo must be taken for the next experiment. If some of 
the indigo remains unoxidized, a little experience will enable the operator to 
judge its probable amount, and so decide on the quantity of indigo suitable 
for the next experiment. 

The amount of indigo which corresponds to the solution of nitrate is found 
by a series of api>roximating experiments made as just described with varying 
quantities of indigo, the oil of vitriol used being always equal in volume to 
the united volumes of the nitrate solution and indigo. The determination 
is finished when a quantity of indigo is left unoxidised not exceeding O'l c.c. 
of the indigo solution used; this amount can be readily estimated bv the 
eye. It is well, until considerable experience has been gained, to check the 
result by making a further experiment with O'l c.c. less indigo, when the 
colour should be entirely discdiarged. The tint produced by a small excess 
of indigo is best seen by filling up the flask with water. The estimated 
excess of indigo is of course deducted from the reading of the burette. 

To reduce the number of experiments required to obtain the 
result it is well to proceed with some boldness, and ascertain as 
soon as possible what are the limits between which the quantity of 
indigo must fall Seven experiments will be a maximum rarely 
exceeded; four experiments is about the average required where 
the history of the waters examined is already known. 

When the indigo solution has been standardized with the series 
of nitre solutions already mentioned, it will be found that the 
quantity of indigo consumed is not strictly in proportion to the 
nitric acid present, but diminishes as the nitrate solution becomes 
more dilute. In round numbers, a diminution of the amount of 
nitre present to ^ is accompanied by diminution of the indigo 
oxidized to ^ ; or, in other words, if 20 cc. of the i standard 
solution of nitre require 10 cc. of indigo, 20 cc. of the -^ nitre 
solution will require only 1 cc. of indigo. This is a very important 
fact, and necessitates the standardizing of the indigo with solutions 
of graduated strength, so that the value of the indigo may be 
known for all parts of its scale. 

In consequence it becomes necessary to form a table of the value 
in nitrogen corresponding to each part of the indigo scale, and by 
the help of this table every analysis subsequently made is calcu- 
lated. Below is given an ideal table of this description. It is 
assumed, which is very near the truth, that a diminution to one- 
eighth in the strength of the nitrate solution is accompanied by a 
duninution to one-tenth in the indigo consumed. It is furtiier 
assumed, which is also near the truth, that the alteration in the 
relation of the indigo to the nitrate proceeds at a uniform rate 
between the limits actually determined. The following will be the 
results arrived at when using 20 cc. of the nitrate solution for 
each experiment : — 
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Value of the Indigo in Nitrogen 
for different strengths of Nitre Solution, 
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The mode of using this table is veiy simple. Supposing that 
20 cc. of a water have required 5*36 cc. of indigo, this amount is 
seen to be 0*5 cc above the nearest point {i'S6 cc) given in the 
tabic We learn from the right-hand column that O^OOOOOOUD 
must consequently be subtracted from the unit value in nitrogen 
(0-000036008 gm.) belonging to 4-86 cc. of indigo. We thus find 
that the 5^36 cc of indigo should be reckoned at 0^000035859 gm. 
of nitrogen per cubic centimeter: the water, therefore, contains 
9 -6 parts of nitrogen as nitric acid per million. If 20 cc. of the 
water have required less than 1 cc of indigo, the unit-value 
corresponding to 1 cc of indigo is employed for calculating the 
result. This will give accurate results if the oil of vitriol employed 
is quite pure. 

It is not necessary in practice to form so complete a table as that 
now given; it will suffice to determine the indigo with nitre 
solutions of -^, ^, ^ij, and -^ standard strength : if another solution 
is used, that of -^ standard strength seems tiie most important. It 
may be sufficient, even, in some cases, simply to determine the 
indigo with the ^ and -^ nitre solutions, and to find all the inter- 
mediate values by calculation ; examples will be presently given 
showing the amount of agreement between such calculation and 
experiment. K 10 cc of water are to be employed as well as 
20 cc, separate tables should be formed giving the values of the 
indigo in each case. 

There is one important advantage that follows from this trouble- 
some necessity of standardizing the indigo with various nitrate 
solutions ; it tends to remove the errors due to impurities in the 
oil of vitrioL As the volume of the oil of vitriol used depends 
far more on the volume of water taken than on the quantity of 
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nitric acid it contains, all errors due to oxidizing or reducing matter 
contained in the oil of vitriol fall far more heavily on determina- 
tions of small quantities of nitric acid than on determinations of 
larger quantities. Unless, therefore, the oil of vitriol used was 
absolutely pure, it would always be necessary to standardize the 
indigo as now recommended, even if the relation of indigo to nitric 
acid were exactly the sa^e in weak and strong solutions. By 
standardizing as now described, the errors due to the sulphuric acid 
affect the figures of the table, but not the result of the analysis. 
Such standardizing has also the effect, as far as it goes, of calibrating 
the burette, any inequalities of capacity falling on the table, and 
not on the analyses calculated from it 

In standardizing the indigo solution, and in the subsequent 
experiments with it, some regard must be paid to the initial tem- 
perature of the solutions. A rise in the initial temperature will be 
attended by a diminution in the quantity of indigo oxidized ; this 
is most perceptible in the case of the stronger solutions of nitrate. 
The following table shows the results obtained by standardizing 
the same indigo solution at two temperatures, representing nearly 
the extreme limits at which the solution would be used in practice. 
The temperature of the room during the experiment was 10^ ; for 
the trials at the higher temperature, the fiask containing the indigo 
and nitrate, and the test-tube containing the oil of vitriol, were 
placed for some time in a water bath at 22 — 23"* previously to being 
mixed. 

Indigo Solution Standardized with 10 ex. of Nitre Solution, 



strength 
of nitre 
solution. 


At^o^ At22«. 


Indigo 
required 
(actual). 


Indigo 

from two 
extremes. 

c.c. 

10-28 

4-97 

2-82 

0-99 


Indigo 
required 
(actual). 

c.c. 
9-76 
4-78 
218 
0-96 


Indigo 

from two 
extremes. 


i Standard 
* „ ... 

iV „ ... 

^ „ ... 


c.c. 
1028 
4-97 
2-80 
0-99* 


c.c. 
9-76 
4-78 
2*22 
0-96 



Standardized tcith 20 c.c of Nitre Solution, 



i standard 


10-26 


10-26 


9-74 


9-74 


tV ,, ... 


4-84 


4-96 


4-65 


4-74 


^ » ... 


2-21 


2-31 


2-21 


2-24 


^ „ ... 


0-99 


0-99 


0-99 


0-99 



* It must not be supposed that it wsa possible to work to one-hundredth of a cubic 
centimeter : in aU the figures given the errors shown b/ calibrating the measuring 
vessels employed have been taken account of, and minute fractions thus introduced. 
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It ifl seen that a rise of 12^ in temperature diminishes the indigo 
consumed by about 5 per cent, in the case of the stronger solutions 
of nitrate ; it is evident, therefore, that the indigo solution should be 
standardized at nearly the same temperature at which it is to be 
used. 

In the table the quantity of indigo corresponding to the inter- 
mediate strengths of nitre solution has been calculated from the 
determinations made with the two extreme strengths, to show the 
amount of accuracy to be attained by this plan ; the agreement of 
calculation with the results actually obtained is sometimes very 
dose, but in others the difference is somewhat greater than the 
errors of experiment 

If the indigo solution has been standardized with 20 c.c. of the 
nitre solutions recommended, the operator will be able to analyze 
waters containing nitric acid up to 17 '5 parts of nitrogen per 
million. If the indigo has also been standardized with 10 c.c. of 
the i and ^ nitre solutions, the operator can, by employing 10 c.c. 
of the water, extend his range of analysis to waters containing 
34 parts of nitrogen per million. Waters stronger than this should 
be diluted for analysis. The natural error of the determination, 
shown by the performance of duplicate experiments, will not 
exceed 1 per cent of the nitric acid present in the case of waters 
containing 17 of nitrogen per million, but may amount to 
5 per cent, with waters containing as little as 2 of nitrogen per 
million. 

Chlorides are of course generally present in waters containing 
nitrates ; they are not altogether without effect on the determina- 
tion with indigo. 

The presence of an abundance of chlorides occasioned an error of 
deficiency of about 1*5 per cent in the case of a ^ standard solution 
of nitre, and an error of excess of 4*4 per cent, in the case of a 
solution of one^uarter this strength. At some point between the 
two the error was probably nil. The different direction of the 
error is apparently due to the effect of chlorides on the duration of 
the reaction. As nitre solutions become weaker the time occupied 
by the reaction with indigo is lengthened, and the proportion of 
indigo consumed diminished. In the presence of chlorides the 
duration of the reaction in weak solutions is much shortened, and 
the quantity of indigo consumed is consequently increased. 

The error introduced by chlorides is for many purposes insignifi- 
cant Thus, two nitre solutions employed contained 17*8 and 4*3 
of nitrogen per million; analyzed in the presence of excess of 
chloride they yielded 17*5 and 4*5 per million. As in water 
analysis the amount of chlorine is always determined, it «would be 
well to make this part of the analysis preliminary to the nitric acid 
determination. The indigo might also be standardized with nitre 
solutions containing excess of chloride, and a small quantity of 
pure chloride added to all waters deficient in this constituent. 
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Finkener haa already lecommended the addition of chlorides to 
the standard nitre solutions. 

Nitrites are unfortunately not capable of being determined by 
indigo ; the amount of indigo oxidized is much less than in the 
case of nitrates, and the reaction is far from being sharp. When a 
dilute solution of a nitrite is mixed with an appropriate quantity 
of indigo solution, and oil of vitriol added, an immediate reaction 
takes place ; whereas, with a corresponding solution of a nitrate, 
an appreciable time is occupied before the indigo is decolorized. 
When we next endeavour to find the quantity of indigo equivalent 
to the nitrite, it is found that several different quantities of indigo 
yield almost the same final tint, and this tint is not discharged by 
heating in the chloride of calcium bath. 

Nitrites may be easily converted into nitrates by treatment with 
permanganate, and may then be determined by indigo. A solution 
of commercial potassic nitrite, which contained by the Crum- 
Frankland method 31*5 parts of nitrogen per million, gave only 
22*1 parts of nitrogen when tested by indigo previously standardized 
with a nitrate. The same quantity of nitrite, in a more concen- 
trated form, was treated with permanganate, acidified with sulphuric 
acid, and permanganate slowly added till decolorizatidn no longer 
occurred. The solution was &ially brought to the same volume as 
in the first experiment, and tested with indigo ; it now yielded 
32*4 parts of nitrogen per million. 

If chlorides are present as well as nitrites, free chlorine may be 
produced during treatment with permanganate, and the determina- 
tion with indigo consequently come out too high ; in this case it 
may be well to make the liquid slightly ammoniacal after the 
treatment with permanganate, and raise the temperature for an 
instant to boiling. This mode of proceeding, according to Bous- 
singault^ completely removes free chlorina 

The weakest point in the indigo method is its behaviour in the 
presence of organic matter. Warington found that a small 
quantity of cane-sugar greatly reduced the quantity of indigo 
oxidized by a nitrate, the effect of the sugar being greater in dilute 
solutions, in which the reaction was naturally more prolonged. 
The use of a large proportion of oil of vitriol also increased the 
effect of the sugar. Carbolic acid and urea also act as reducing 
agents, while tartaric acid has been proved by many experiments 
to be without effect. 

The indigo method cannot be employed with safety for the 
analysis of waters distinctly contaminated with organic matter. 
There appears to be no method of determining small quantities of 
nitric acid, save that of Schloesing, that is free from suspicion 
under these circumstances. 

In the case of ordinary drainage waters the agreement between 
the indigo method and that of Crum-Frankland is very good. 
The following analyses of drainage waters refer to waters collected 
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from unmanured arable land (Warington). The figures represent 
nitrogen per million : — 

Crum-Franklandmetbod. Indigo method. 
22-7 280 

16-6 16-9 

13-3 13-8 

In a series of comparative analyses, by the same two methods, 
of nitrified solutions of ammonic chloride (/. O, S. 1879, p 448) 
the agreement between the results was generally good, and the 
comparisons instituted by Hatton («/. C. S. 1881, p. 258) are 
equally satisfactory. 

The general conclusion respecting the indigo method for deter- 
mining nitric acid will be, that it is excellently adapted by its 
simplicity, rapidity, and delicacy for general use in water analysis ; 
but that accuracy can be secured only by working under the same 
conditions which obtained when the indigo was standardized. 
In the presence of organic matter the results obtained with indigo 
must be accepted as probably below the truth. 

The above description is given mainly in Warington's own 
words, and is undoubtedly the best plan of working the process so 
as to secure accuracy; notwithstanding this, there are some 
operators who seem disposed to discard it even for water analysis 
(Dupr^, Analyst^ vi. p. 39). I am inclined to think that the 
apparent or alleged inaccuracies arise from want of patience or 
practice, and that if the manipulations are well understood, the 
process will give as good average results as most of the processes in 
use for the determination of small quantities of nitric acid. 

It is certainly the most handy process for rapidly ascertaining 
the approximate amount of nitric acid in any given substance ; and 
as an adjunct to the use of some other methods where it is necessary to 
know as nearly as possible the amount of nitric acid to be dealt with, 
it is without a rival For such purposes in the case of materials such 
as goanoB, manures, &a, the process may be shortened as follows : — 

(1) A rough test is made with 10 c.c. of the nitrate solution and 
stronger indigo using 20 c.c. of oil of vitriol. 

(2) If 10 c.a of the nitrate solution require less than 1 c.c. of 
stronger indigo, then 10 cc. of it may at once be titrated with the 
weaker indigo ; the volume of acid being regulated by the first 
experiment to equal the volume of nitrate solution, plus the volume 
of weaker indigo required. 1 cc. or so of acid either way does not 
influence the experiment. This second titration, if carefully 
performed, using an ordinary spirit lamp of small flame for heating, 
will give the value of the nitrate in terms of weak indigo. 

(3^ If in the preliminary test 10 cc. of the nitrate solution 
require more than 1 cc, but less than 3 c.c of stronger indigo, the 
solution may be titxated at once with stronger indigo, using about 
12 c.c of acid. 

(4) If in the preliminaiy test 10 cc. of nitrate solution require 
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more than 4 c.c. of stronger indigo, the solution must be diluted 
twice, thrice, or more as the case may be, so as to bring it to about 
the strength of the weaker standard nitre solution, when it may be 
finally titrated with the stronger indigo and the correct amount of 
acid. 

8. EBtimation as Kitrio Oxide. 

This method of estimating nitrogen existing as nitric and nitrous 
acids, either separately or together, is an exceedingly delicate one, 
and capable of great accuracy under proper manipulation. 

It is now best known as the Crum-Frankland method The 
original idea emanating from Crum, and afterwards improved in 
detail of manipulation by Frankland and Armstrong, in their 
well-known method of water analysis. 

So far as the use of the method for water analysis is concerned, 
the process is given in Pai-t VI. where the shaking tube which is 
used for the decomposition of the nitrogen compounds by mercury 
and sulphuric acid is figured, and the details of the process as 
applied to waters fully described. 

The method there given, however, requires the use of a gas 
apparatus. The method now to be described obviates that necessity, 
and though the results cannot be said to be absolutely as exact, 
they are very satisfactory for some purposes, such as the examination 
of nitrous vitriol, raw commercial nitrates, manures, &c. 

The apparatus, fig. 37, is designed by Lunge, and is called a 
nitrometer. The application of the instrument to the estimation of 
nitrous and nitric acids in vitriol is explained by him as follows : — 

Its principal portion is a glass tube, a, of a little over 60 c.o. capacitv, 
divided into i o.o., and, for the sake of suspending it in the stand, a little 
narrowed in its lower half. At the bottom it tapers to fit into an elastic joint ; 
at the top it ends in a funnel oommunicating with the inner part of the tube 
by a tap of the same kind as that employed in Winkler's gas burette. 
Its plug has one bore at right angles to its length, through which the 
measuring-tube oommunicates with the funnel, and another curved bore 
through which the contents of the funnel can be run off in the direction of 
the axis of the plug. To this a short elastic tube with a screw-damp and a 
short bit of glass-tubing are attached. The division of the measuring-tube, 
a, begins from the tap itself, and goes from the top downwards. The tube a 
hangs in a clamp, which can be instantaneouidy opened by a spring, so that 
the tube can be taken out. Another damp, sliding on the same stand, carries 
a plain cylindrical glass tube, 5, tapering below, of the same contents and 
about the same diameter as the measuring-tube. The lower ends of the two 
tubes are connected by a thick elastic tube, h slides up and down in its 
clamp with friction. In order to use the apparatus, b is placed so that its 
lower end is rather higher than the tap of a, and the latter being opened, 
mercury is poured in through b till it has just entered the funnel of a. As 
it flows into a from below, it will not allow any air bubbles to remain in the 
tube. The tap is now dosed ; the mercury standing in the funnel is run off 
by the lateral bore of the tap ; 6 is lowered ; and the vitriol to be tested is run 
into the funnel by means of a fine pipette. Of course it is neoessarv to have 
an idea of the maximum quantity of NO which may be given off without 
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expelling the mercury from the tube altogether ; and the quantity of vitriol 
must be taken accordingly. By carefully opening the tap, the acid is run 
into a without any air being allowed to enter ; in a similar way the funnel is 
washed out twice by means of pure concentrated sulphuric acid. It is not 
advisable to put more than 8 to 10 o.c. of acid into the apparatus ; much 
better only 4 to 5 c.o. altogether are used ; but in any case there must be an 




Fig. 37. 

excess of strong sulphuric acid present. Now the tube a is taken out of the 
spring clamp and well shaken up. The evolution of gas in the case of nitrous 
acid commences at once— the acid taking a purple colour, in the cose of 
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nitrio acid, after a minate or so. The reaction is ended by (me or two 
minutes' liolent shaking. Sometimes it takes a good while More the acid 
dears and the troth subsides ; but mostly this is the case in a yery short time ; 
and anyhow it is neoessary to wait a little, so that the apparatus nuiy take the 
temperature of the air. Now by sliding b up or down, the level of the 
mercury in this tube is so placed that it is as much higher than that of a as 
oorresponds to the yitriol ; say, for each 7 m.m. of add 1 m.m. of merounr ; 
or else the levd of the mercury is made the same in both tubes, and the 
height of mercury corresponding to the layer of yitriol in the tube is deducted 
from the barometrioBl pressure. The volume of the nitrio oxide can be read 
off to ,V CO.; it is reduced by Bunsen's tables to 0** and 760 m.m. 
mercurial pressure, and the per-centage of the acid calculated from it. 
Each C.C. of NO, measured at 0" and 760 m.m. corresponds to 1*848 m.gm. 
NO, or 1-701 m.gm. N*0», or 2*417 m.gm. NK)*, or 4*621 m.gm. KNO», or 
8*806 NaNO'. By this process, of couise, nitric and nitrous adds cannot 
be distinguished, but are always estimated together. 

After reading off, b is again placed higher, the tap of a is o^ned, and thus 
first the nitrio oxide and tben the yitriol, muddy with mercuric sulphate, are 
driven into the funnel. When the mercury begins to enter the mme as well, 
the tap is closed, the acid is run away through the lateral bore, and everything 
is ready again for a fresh testing. First, the screw-damp on the end of the 
glass tap is closed again, lest any fresh yitriol should run into the side tube ; 
but it is easy to turn the plug so that the funnel during the running-in of 
fresh vitriol does not communicate either with the tube a or the lateral bore 
of the tap. If any sensible quantity of sulphurous add be present, it is 
best to add a litUe powdered potaasic permanganate to the vitriol. 

The principle of the reaction is explained in the section on Water 
Analysis (Estimation of Nitrates and Nitrites), and the satisfisustoiy 
nature of the method for vitriol-testing has been amply demonstrated 
by Watts, by Davis (0. N, xxxvii. p. 45), and many'others. The 
instrument itself has been made in several modified ways, but the 
principle of its construction is the same. 

Allen (Analyst v. p. 181) recommends the use of this instra- 
ment for the estimation of nitiates and nitrites in water residues ; 
and to obviate the difficulty in reading the volume which sometimes 
arises from the mercurial froth, he uses two nitrometers side by 
side, in one of which is worked a pure standard nitrate solution, and 
in the other the material for analysis under precisely the same 
conditions of temperature, pressure, &c. If the apparatus contain- 
ing the comparative test is &ee from leakage, it may be retained for 
a long period for the purpose of comparison. 



9. Batiination of AinniAnt> and Nitrates by Conversion into 
Kitroflren Oas, wttk Bromlsed flodio Hypoohlorite. 

Krocker and Dietrich have experimented upon this method 
originally devised by Knop, but instead of measuring ^he volume 
of nitrogen gas produced, which does not always give exact results, 
they use an excess of the oxidizing agent, and after the action is 
complete, estimate the excess residually wiUi ^ aisenious solution 
and iodized starch-paper, as in § 36. In the case of pure ammoniacal 
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salts or nitrates the results are extremely satisfactory, and also with 
other compoands where there is nothing present to affect the 
bromized solution. 

jpreparation of the Chhrobromous Solution: One part of oiyBtals 
of iodic carbonate is diflsdyed in fifteen parts of cold distilled water, and 
chlorine gas passed throagh the solution till coini>let6ly saturated ; to the 
fluid is then added a sufficiency of 25-per-cent. caustic soda solution to render 
the whole slippery when rubhed between the fingeis. Bromine is then added 
to the mixture until a distinct lemon colour is produced. The addition of 
the bromine is, howe?er» always preferably made just before the solution has to 
be used for a series of experiments. 

TUratUm qf the Solution: 10 c.o. are measured into a small beaker^ 
diluted with distiUed water, free from ammonia, and the ^ arsenions solution 
allowed to flow in with oonstant stirring, until a drop ttken. ont with a glass 
rod and placed upon iodised starch-paper produces noblue stain. Towards the 
end of the process, the fiint blue colour produced quicUy disappears^ there- 
fore the effect must be observed immediately the contact takes place. 

Example: 10 c.c. of bromochlorous solution were titrated as described 
with arseniouB solution, and required 13*2 c.c. 65 c.c. also required 72*8 c.c. ; 
therefore 1 c.c. bromised solution =1*32 c.c. arsenious solution. 

The dednormal arsenions solution is so arranged that 1 c.c.:= ivirv eq. of 
CI, Br, or I, and consequently of H ; but as 1 eq. of NH^ yields 3 eq. of H, 
3 c.c. of arsenious solution represent iriTnr eq. of ammonia or nitrogen ; and 
therefore 1 c.c. equals respectively 

?^~i^=a0004666 gm. N, 

or ^^=0000666 gm. NH» 

From these data it is of course eas:jr to ascertain the relative value of the 
bromiaed solution, as respects ammonia or nitrogen, by simply converting the 
number of c.c. used in any analysis into their value, as ^ arsenious solution, 
and multiplying by tiie systematic coefficients given above; in fact, each 
analysis expresses itself in this form, since it is the volume of arsenious 
solution required which represents the amount of ammonia or nitrogen 
present. Thus in Krocker's experiments, a solution containing 1 gm. of 
pure ammonic chloride in the liter was used for estimation. The arsenious 
solution was not striotiy decinormal, but was found by titration with ^ 
iodine scdution to be sli^tly weaker, so that each c.c. represented 0<KX>489 gm. 
of N, instead of 0'000466 gm. 20 c.c. of ammonia Bolution=0'Q2 gm. of 
KH^Cl, were phiced in a beMcer diluted with pure distilled water, and 40 c.c. 
of bromised solution added, and shaken for 10 minutes to liberate the nitrogen 
gas. 

40 c.c. bromized Bolution^52'8 c.c. N'As'O' 

Arsenious solution required 
for residual titration 40*6 c.c. 



12*2 c.c. 

12-2 X 0*000439 = 0*00536 gm. K. Calculation of formula 
required 0*00524 gm. N. 

Treatment of NUratea, — It has been seen in Harcourt's 
proc^, that nitric acid is converted into ammonia by means of zmc 

Digitized by VjOOQIC 



228 HANDBOOK OF § 67. 

or iion in alkaline solution; this, however, occupies some con- 
siderable time. If, however, the action takes place in an acid 
instead of an alkaline solution, the effect is considerably hastened. 
To this end the authors use a flask fitted with a double bulb funnel, 
into which some dilute sulphuric acid is placed to absorb any traces 
of ammonia which might otherwise be carried away with the 
hydrogen. 

The weijgfhed or metsured nitrate, or substanoe containing it, is placed in 
the flask with some zinc and diluted sulphuric acid, then closed with;tne safety 
funnel and allowed to stand for an hour ; the contents are then transferred to a 
beaker, the washings of the funnel and flask added and neutralized with sodio 
carbonate, then a measured ezoess of bromoohlorous solution of known 
strenf^ added, and titrated residually with arsenious solution as before 
descnbed. A series of experiments by the authors gave very exact numbers, 
with ammonic nitrate averaging 99*9 per cent, instead of 100. 



NITBITE8. 

Very dilute solutions of nitrous acid in combination with alkaline 
or eardiy bases, such as naturally occur in drinking waters, can be 
titrated with very fair results, according to Fresenius, as 
follows : — 

260 c.c. of the water, is acidified with acetic acid, placed in a 
retort, and about 100 c.c. distilled into a 250 c.c. flask, the measure 
being afterwards made up with pure distilled water ; this fluid is 
then acidified with pure sulphuric acid, and titrated with a very 
weak standard solution of permanganate. 

Nitrous acid may be thus separated without any danger of 
oxidation; the presence of nitrates or other ordinary constituents of 
water do not in the slightest interfere with the accuracy of results; 
the greater part of the acid distils over in the first 20 or 30 c.c. 

It is necessary that the solution should be very dilute, not 
exceeding about 6 m.gm. of nitrous acid per liter ; if much stronger 
than this irregularities occur which interfere with accuracy. 

The usual qualitative test for nitrites is, to acidify the water 
moderately with pure sulphuric acid, then adding potassic iodide 
and starch liquor ; the occurrence of the dark blue colour of starch 
iodide reveals the presence of nitrites immediately. This test may be 
conveniently applied before distilling any sample of water, so as to 
form a judgment of the amount of nitrites present 

JBxample : Some solution of potassic nitrite was added to pure water, and 
on testing in the above manner a deep blue solution was obtained. 

250 0.0. of the same liquid were then acidified with sulphuric acid, and 
titrated with a pennaiu[auate solution of which 36 o.o. represented 0*02 gm. of 
iron or 00068 gm. or nitrous acid. The quantity required was 8'2 c.c. 
260 0.0. were then acidified with acetic acid, and about half the liquid distilled 
and diluted to 260 c.o., then acidified with sulphuric acid and titrated with 
the permanganate ; the quantity requil^ WHS 7'6 c.c. 
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The firBt experiment showed the presence of 0'00159 gm. of 
nitrous acid and the second 0*00146 gm., or a loss in the 250 cc. of 
0-00013 gm. 

The colorimetric method of Trommsdorf (Z. a. C. viii. p. 358) 
depends upon the reaction just mentioned ; the re-agents used being 
zinc iodide, sulphuric acid, and starch. Leeds has investigated 
the conditions under which this method is best carried out, and 
has found that, without special care, the error due to dissolved air 
and exposure to light may be enormous. 

The testing solution is made by dissolving about 20 gm. of zinc 
chloride and 2 gm. of zinc iodide in water, adding about 5 gm. of 
starch previously emulsified with boiling water, and diluting the 
whole to about 1 liter. 

The proportions used in analysis are 100 cc. of the water to be 
tested, 3 cc. of the above-described zinc iodide and starch, and 
1 cc of pure concentrated sulphuric acid. The eifect of this zinc 
iodide is found by a standard solution of potassic nitrite. Leeds 
states tliat about 0*04 m.gm. of N^O' in 100 cc. is the superior 
limit at which this process can be safely worked. Waters oontain- 
ing more than this amount must be diluted before testing quantita- 
tively. The inferior limit is probably about 0*002 m.gm. per 100 cc 

The delicacy of the test is seriously influenced by the dissolved 
organic colouring matters in natural waters, and probably by 
various inorganic constituents; and the reaction can only be depended 
on by discharging all atmospheric oxygen out of the water, and 
the re-agents themselves, by a current of pure carbonic anhydride. 

Leeds prefers to use the method as an absolute volumetric one 
by operating as just described, and finding the amount of liberated 
iodine by weak standard hyposulphite. 

The exceedingly delicate colorimetric method of estimating 
nitrites originally devised by Gr less with meta-diamido-benzol, and 
afterwards elaborated by Preusse and Tiemann, will be described 
in the section on Water Analysis. 



0=16. 

§ 68. The estimation of free oxygen in waters has been investi- 
gated by many operators, but up to the present time I am not 
aware that any volumetric methods are found completely trust- 
worthy. The method by Mohr of finding the oxidizing power 
of weak alkaline solutions of oxygen upon ferrous compounds, 
and subsequent titration by permanganate, as also that of 
Schiitzenberger with sodic hydrosulphite and ammoniacal 
copper solution, regulated by indigo, are by no means consonant 
with each other, nor with the accurate gasometric method of 
Bunscn. 
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Both M(rhr's and Schiitzenberger's processes* have been 
repeatedly criticized with the same results, the latter especially by 
Hutchinson (C. N. xxxviii. p. 184). 

Peroxide of Hydrogen, — ^Thia substance is now largely used 
commercially for bleaching and other purposes, and it is frequently 
necessary to ascertain its oxygenating power which fortunately can 
be done volumetrically with accuracy and dispatch. 

Schone (Z. a. 0. xviiL p. 133) gives a remmi of the various 
methods in use for this purpose, comprising the permanganate 
estimation originally proposed by Brodie, the estimation by iodine 
and hyposulphite, Thenard's gasometric method, and the indigo 
and colorimetric methods. He gives the preference to the per- 
manganate and colorimetric methods; but Kingzett («7. 0. S. 
1880, p. 792) has clearly shown that the best and most rapid 
estimation is made by iodine and hyposulphite in the presence of a 
tolerably large excess of sulphuric acid, the reaction being 
2HI + H»0'=2ffO + P 

The function performed by the sulphuric acid is difficult of 
explanation, but the want of uniformity in the reaction experienced 
by many operators no doubt has arisen from the use of insufficient acid. 

Kingzett's method consists in mixing 10 c.c. of the peroxide 
solution to be examined with about 30 c.c. of dilute sulphuric 
acid (1 : 3) in a beaker, adding crystals of potassic iodide in 
sufficient quantity, and after standing five minutes the liberated 
iodine is titrated with ^^ hyposulphite and starch. The peroxide 
solution should not exceed the strength of 2 volumes, if stronger 
it must be diluted proportionately before the analysis. 

In the case of very weak solution it will be advisable to titrate 
with ^^ hyposulphite. 

1 cc. 1^ hyposulphite=s0-0017 gm. W0\ 

The estimation of this substance may also be readily made in the 
absence of organic or other reducing matters by weak standard per- 
manganate in the presence of free sulphuric acid, the permanganate 
being added until a feint rose colour occurs : the reaction is — 

2KMnO*+5HW+3H«SO*=K«SO*+2MnSO*+8H*04-50». 

The same reaction may be used for the estimation by measuring the 
oxygen gas evolved in a suitable apparatus; but Kingzett states, 
that to ensure concordant results in this method no sulphuric acid 
should be used ; that when acid is used the results are liable to 
uncertainty from unknown causes, so that occasionally oxygen will 
be given off in much larger proportion than the quantity of peroxide 
waLTrants, showing that the permanganate itself furnishes this 

* Two elaborate oritioal papen have been vnbliahed on this aabject, Tis.,PreuBfle 
and Tiemann (B«rtcHt« DevA8ch. Chtm, OMelbch. 1879, v. 1768), and Konis and 
K r anob (Z. a C. zix. p. 859), but nnfortnnatelj the conofiuione appear to be almost 
diametrically opposite. 
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excess. Experiments quoted by the same authority prove, however, 
that in the absence of acid the results agree very well with the 
iodide and hyposulphite method. . 



PHOSPHOBIC AOID AND PHOSPHATES. 
P^O»=142. 

§ 69. The estimation of phosphoric acid, either volumetrically 
or by weighty presents a subject of considerable interest, and one 
which has taxed the ingenuity of most chemists. The present 
enormous consumption of artificial manures throughout the 
civilized world, the agricultural value of which depends to a lai^ 
extent upon the amount of phosphoric acid contained in them, 
and the state of combination in which it exists, has led to the 
suggestion of many processes for its estimation, and has probably 
given rise to more controversy than any other substance of com- 
mercial interest in existence. 

Moreover, it is one of the subjects which has given scope for a 
large amount of quackery among so-called commercial analysts, 
some of whom seem to arrogate to themselves secret methods of 
analysis, which re;nder their services valuable on the one hand to 
the buyer, or on the other to the seller of phosphatic materials, 
because they can certify to either low or high results as the case 
may be. 

The anxiety of dealers to obtain certain results suitable to their 
X)Ockets can hardly be surprising, when it is considered that a 
difference of 1 per cent may make a variation in price of hundreds 
of pounds in one transaction ; nevertheless, in this case, as also in 
the valuation of soda ash and caustic soda by analysis, such 
anomalies should at once and for ever be got rid of by uniform 
action on the part of honest analysts, who above most men should 
have the object before them of stating the exact truth, so far as it 
lies in their power. 

It is to be hoped that the report of the Committee on this and 
kindred subject^ appointed by the Chemical Section of the British 
Association,* will help to accomplish this uniformity. 

In this treatise 1 have nothing to do with gravimetric processes 
for the estimation of phosphoric acid, except in so far as they serve 
to verify the results obtained by volumetric metiiods, and of these 
latter I am of opinion that two only are admissible ; namely, first 
and chiefly, that by uranium ; and secondly, the method of Stolba, 
in which the PO^ is separated as ammonio-magnesic phosphate, 
with subsequent titration by standard acid. This opinion is based 
upon many hundreds of analyses conducted in my own laboratory, 

* Beport of a Committee of SeoUoii B on the "Methods employed in the estimation 
of Potieh and Phosphoric Acid, and on the mode of ettttinff the remilta :" London, 1878. 
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and upon tte testimony of many competent chemists who have 
occupied themselves with the matter, and whose contrihutions to 
various scientific journals have been consulted and freely used in the 
compilation of this section.* 



1. By Preoipitation as Uranic Phosphate in Acetic Acid Solution. 

This method is based on the fact that when uranic acetate or 
nitrate is added to a neutral solution of tribasio phosphoric acid, 
such, for instance, as sodic orthophosphate, the whole of the 
phosphoric acid is thrown down as yellow uranic phosphate Ur*0', 
PO' -*- Aq. ; should the solution, however, contain free mineral 
acid, it must be neutralized with an alkali, and an alkaline acetate 
added, together with excess of free acetic add. In case of using 
ammonia and ammonic acetate, the whole of the phosphoric acid 
is thrown down as double phosphate of uranium and ammonia, 
having a light lemon colour, and the composition 2(Ur*0'), 
2NH*0,P'0* + Aq. ■ When this precipitate is washed with hot 
water, dried and burned, the ammonia is entirely dissipated, 
leaving uranic phosphate, which possesses the formula 2(Ur*0'), 
P-0', and contains in 100 parts 80 09 uranic oxide and 19-91 
phosphoric acid. In the presence . of fixed alkalies, instead of 
ammonia, the precipitate consists simply of uranic phosphate. By 
this method phosphoric acid may be completely removed from all 
the alkalies and alkaline earths ; also, with a slight modification, 
from iron ; not, however, satisfactorily from alumina when present 
in any quantity. 

The details of the gravimetric process were fully described by 
me (C. N, i. pp. 97 — 122), and immediately after the publication of 
that article, while employed in further investigation of the subject, 
I devised the volumetric method now to be described. Since that 
time it has come to my knowledge that Neubauert and PincusJ 
had independently of each other and myself arrived at the same 
process. This is not to be wondered at, if it be considered how 
easy the step is from the ordinary determination by weight to that 
of measure, when the delicate reaction between uranium and 
potassic ferrocyanide is known. Moreover, the great want of a 
really good volumetric process for phosphoric acid in place of those 
hitherto used has been felt by all who have anything to do with it, 
and consequently the most would be made of any new method 

*FreBenin8, Quant. Chern. Analyw, 6te Aufl. p. 411. 
Abesser, Jani u. Miircker, Z. a. C. xii. 239. 
Schumann, ibid. zi. 382; Janovsky, ibid. zi. 153. 
« Gilbert, Ond. xii. 1; R ampler, tlnd. zii. 151. 

Fresenius, Neubauer, and Luck, tbid. iz. 16. 
Mohr, TitrirbucK 4t« Aufl. 520. 
Neubauer, Anal, des Hams, 6te Aufl. 

J o u 1 i e , Monitewr Scientifiquet 1872 — 3, et Annuaire de la Pltannaeie, redigc x>Kr 
Dr. C. Mehu, 1875, p. 465, etc., etc. 

t Archiv. pkr v:%nenacMfttiche Heiikunde, Bd, iv. p. 228. 
t Journal /Qr Prakt, Cliem. Izxri. p. 104. 
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possessing so great a claim to accuracy as the gravimetric estimation 
of phosphoric acid by uranium undoubtedly does. 

The great advantages possessed by the method over Liebig and 
Raewsky's iron process are that the combination between the 
phosphoric acid and uranium is definite and certain, and that the 
mixture needs no filtration, since uranic phosphate produces no 
colour with potassic ferrocyanide like ferric phosphate. For the 
ready determination of phosphoric acid in combination with the 
alkalies and alkaline earths, such as occur in manures and urine, 
the process is exceedingly accurate. 



2. Estimation of Phosphoric Acid in combination with Alkaline 
Bases, or in presence of small quantities of Alkaline Earths. 



The necessary materials are — 

(a) A standard solution of uranic acetate or niti-atc. 

U)) A standard solution of tribasic phosphoric acid. 

(c) A solution of sodic acetate in dilute acetic acid, made by 
dissolving 100 gm. of sodic acetate in water, adding 100 c.c. of pui-o 
acetic acid of sp. gr. 1'04 (about), and diluting to 1 liter. Exact 
quantities are not necessary. 

(d) A freshly prepared solution of potassic ferrocyanide, or 
some finely powdered pure crystals of the same salt 

Standard Solution of Uranium. — This solution may consist of 
uranic nitrate instead of acetate, the salt being dissolved in distilled 
water, and of such strength that 1 c.c. represents 0005 gm. of 
phosphoric acid. An approximate solution is obtained by using 
about 3d gm. of either salt to the liter. In the case of using 
uranic nitrate it is imperative that the sodic acetate should 
accompany the titration in order to avoid the possible occurrence 
of free nitric acid in the solution. With acetate, however, it may 
be omitted at the discretion of the operator, but it is important 
that the method used in standardizing the uranium be invariably 
adhered to in the actual analysis. The solution should bo perfectly 
clear and free from basic salt. Experience has shown that the 
most concordant results are invariably obtained by uranic acetate. 
Whether the solution is made from either uranic acetate or nitrate, 
it is advisable to include about 25 c.c. of pure glacial acetic, or a 
corresponding quantity of weaker acid to each liter of solution ; 
exposure to light has then no reducing action. 



8. Titration of the Uraninm Solution. 

Standard Phosphoric Acid. — ^When the uranium solution is not 
required for manures, it should be titrated upon ammonio-sodic 
phosphate (microcosmic salt) as follows: — 5*866 gm. of the 
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crystallized, non-effloTesced salt (preyioualy powdered and pressed 
between bibulous paper to remove any adhering moisture), are 
weighed, dissolved in water, and diluted to 1 liter. 50 cc. of this 
solution will represent 0*1 gm. P'0^ 

60 c.c. of this solution are measured into a small beaker, 5 o.c. sodio acetate 
solution added if uranio nitrate is to be used, and the mixture heated to 
90^ or 100° C. The uranium solution is then delivered in from a burette, 
divided into -^ 0.0., until a test taken shall them the slight predominance of 
uranium. This is done by spreading a drop or two of the hot mixture upon 
a clean white level plate, and bringing in contact with the middle of the drop 
a small glass rod moistened with the freshly made solution of ferrocyanide, 
or a dust of the powdered salt. The occurrence of a faint brown tinge shows 
an excess of uranium, the slightest amount of which produces a brown pre- 
cipitate of uranio ferrocyanide. 

A second or third titration is then made in the same way, so as 
to arrive exactly at the strength of the uranium solution, which 
is then diluted and re-titrated, until exactly 20 cc. are required to 
produce the necessary reaction with 50 cc. of phosphate. 

Suppose 18'7 c.c. of the uranium solution have been required to 
produce the colour with 50 cc. of phosphate solution, then every 
18-7 cc. will have to be diluted to 20 c.c. in order to be of the 
proper strength, or 935 to 1000. After dilution, two or three fresh 
trials must be made to insure accuracy. 

It is of considerable importance that the actual experiment for 
estimating phosphoric acid by means of the uranium solution should 
take place with about the same bulk of fluid that has been used in 
standardizing the solution, and with as nearly as possible the same 
relative amount of sodic acetate, and the production of the same 
depth of colour in testing. If these conditions are observed, the 
method is really capable of extreme accuracy. Hence the proper- 
tions here recommended have been chosen, so that 50 c.c. of liquid 
shall contain 0*1 gm. PO*, which is about the proportion that 
would naturally occur in the usual course of analysis. 

Standard PJwsphmic Acid conesponding volume for volume 
with Standard Uranium, — ^This solution is obtained by dissolving 
14*71 gm. of microcosmic salt in a liter, and is two and a half 
times the strength of the solution before described \ it is used for 
residual titration in case the required volume of uranium is over- 
stepped in any given analysis. 

A little practice enables the operator to tell very quickly the 
precise point, but it must be remembered that when the two drops 
are brought together for the production of the chocolate colour, 
however faint it seems at firsts if left for some little time the colour 
increases considerably, owing to the retarding action of the sodic 
acetate and acetic acid upon the formation of uranic ferrocyanide, 
but this has no effect upon the accuracy of the process, since the 
original standard of the solution has been based on an experiment 
conducted in precisely the same way. 
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The AndkfUeal Procei$ : In estimating unknown quantittee of phosphoric 
aoid, it is necessary to have an approximate knowledge of the amount in any 
given material, so as to fulfil as nearly as possible the oonditions laid down 
above ; that is to say, 60 o.o. of solution shall contain about 01 gm. PO*, or 
whatever other proportion may have been used in standardizing the uranium 
solution. It is found that oonsiderable variations in the amount of sodio 
acetate and acetic acid modify the ending of the process to a noticeable 
extent; on the other hand, if the operation be conduotod with approximate 
volumes of liquid and amounts of substance very concordant results are 
obtained, and I do not hesitate to say that with care and practice, the estima- 
tion of phosphoric acid, in combination with alkaline or earthy bases, by 
this method, is fully as accurate as any method of estimation by weight. 

The oompound containing the phosphoric acid to be estimated is dissolved 
in water, or in the least possible quantity of acetic acid, 6 c.c. of sodic acetate 
added, and the volume made up to about 50 cc, then heated to about 90° C. 
on the water bath, and the uranium solution delivered in cautiously, with 
frequent testing as above described, until the faint brown tinge appears. 

The first trial will give roughly the amount of phosphoric add present, and 
taking that as a guide, the operator can vary the amount of liquid and sodio 
acetate for the final titration, should the proportions be found widely 
differing from those under which the strength of the uranium was originaUy 
fixed. 

Each CO. of uranium solution =0*006 gm. FK)*. 



4. Estimation of Phoaphorio Aoid in combination with Lime and 
Maffneaia (Bones, Bone Aah, Soluble Phoaphatea, and other 
Phoaphatio Xaterlala, firee firom Iron and Alumina). 

The procedoie in these cases differs from the foregoing in two 
respects only; that is to say, the uranium solution is preferably 
standardized by tribasic calcic phosphate ; and in the process of 
titration it is necessary to add nearly the full amount of uranium 
required before heating the mixture, so as to prevent the precipita- 
tion of calcic phosphate, which is apt to occur in acetic acid 
solution when heated; or the modification adopted by Fresenius, 
Neubauer, and Luck, may be used, which consists in reversing 
the process by taking a measured volume of uranium, and delivering 
into it the solution of phosphate until a drop of the mixture ceases 
to give a brown colour with ferrocyanide. This plan gives, however, 
much more trouble, and possesses no advantage on the score of 
accuracy, because in any case at least two titrations must occur, and 
the first being made somewhat roughly, in the ordinary way, shows 
within 1 or 2 cc. the volume of standard uranium required ; and in 
the final trial it is only necessary to add at once nearly the quantity, 
then heat the mixture, and finish the titration by adding a drop or 
two of nianium at a time until the required colour is obtained. 

This reversed process is strongly advocated by many operators, 
but except in rare instances I faU to see its superiority to the direct 
method for general usa The best modification to adopt in the 
reverse process is to use iAvariably an excess of uranium, and to 
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titrate back with standard phosphate solution till the colour 
disappears ; this avoids all the trouble of preparing and cleaning a 
burette for the solution to be analyzed, and if a standard phosphate 
is made to correspond volume for volume with the uranium, an 
analysis may always be brought into order at any stage. 

Standard Calcic 'Phosphate. — It is not safe to depend upon the 
usual preparations of tricalcic phosphate by weighing any given 
quantity direct, owing to uncertainty as to the state in which the 
phosphoric acid may exist; therefore, in order to titrate the 
uranium solution with calcic phosphate, it is only necessary to 
take rather more than 5 gm. of precipitated pure tricalcic phosphate 
such as occurs in commerce, and dissolve it in a slight excess of dilute 
hydrochloric acid, then dilute to a liter ; by this means is obtained a 
solution of acid monocalcic phosphate. In order to ascertain the 
exact amount of tribasic phosphoric acid present in a given measure 
of this solution, two portions of 50 c.c. each are placed in two beakers, 
each holding about half a liter ; ammonia is then added until a 
distinct precipitate is produced, and which does not disappear on 
stirring : this is again dissolved by acetic acid to a perfectly clear 
fluid. A slight excess of solution of uranic acetate or nitrate is then 
added to each, together with about 10 c.c. of the acetic solution of 
sodic acetate, heated to boiling on a hot plate or sandbath, and the 
beakers filled up with boiling distilled water, then set aside to settle, 
which occurs very speedily. The supernatant fluid should be 
faintly yellow from excess of uranium. When perfectly settled, 
the clear liquid is withdrawn by a syphon or poured off as closely 
as possible without disturbing the precipitate, and the beakers 
again filled up with boiling water. The same should be done a 
third time^ when the precipitates may be brought on two filters, and 
need very little further washing. 

When the filtration is complete, the filters are dried and ignited 
in the usual way, taking care to bum off all carbon. Before being 
weighed, however, they must be moistened with strong nitric acid 
to re-oxidize any phosphate reduced by the filter, dried perfectly in 
the water bath or oven, and again ignited ; at firsts very gently, 
then strongly, so as to leave a residue when cold of a pure light 
lemon colour; this is uranic phosphate 2(Ur*0'), PO*, the per- 
centage composition of which is 80*09 of uranic oxide, and 19 '91 
of phosphoric acid. 

The two precipitates are accurately weighed and should agree to 
within a trifle. If they differ, the mean is taken to represent the 
amount of PO' in the given quantity of tricalcic phosphate, from 
which may be calculated the strength of the solution to be used as 
a standard. 

The actual standard required is 5 gm. of pure tricalcic phosphate 
per liter ; and it should be a4justed to this strength by dilution, 
after the actual strength has been found by precipitation with 
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uianium. In this way is obtained a standard which agrees exactly 
with the analysis of a superphosphate or other similar manure. 

Standard Uranium Solution, — This is preferably made from 
acetate and is adjusted to such strength that 25 c.c. are required to 
give the faint chocolate colour with ferrocyanide, when 50 c.c. of 
the standard solution of calcic phosphate are taken for titration. 
Working in this manner each c.c. of uranium solution represents 
1 per cent, of soluble tricalcio phosphate, when 1 gm. of manure is 
taken for analysis, because 50 c.c. of the calcic phosphate will 
contain 0'25 gm. of Ca'PO^ and will require 25 c.c. of uranium 
solution to balance it. 

These standards are given as convenient for manures, but they 
may be modified to suit any particular purpose. 

Standard Calcic Phosphate corresponding volume for volume 
with the Uranium. — This solution is advisable for bringing any 
analysis into order in case the exact point is overstepped, and 
shoiild contain 10 gm. of pure calcic phosphate per liter. It is 
made by taking the necessary weight of calcic phosphate whose 
strength has been found by precipitation with uranium, dissolving 
it in a slight excess of hydrochloric acid, diluting somewhat, 
reprecipitating with ammonia in slight excess, then dissolving in 
acetic acid, and diluting to 1 liter. 



5. Bstimatlon of Phosphorlo Aoid in Minerals or other snlMtances 
oontalninsr Iron, Alumina, or other distorbinsr matters. 

In order to make use of any volumetric process for this purpose, 
the phosphoric acid must be separated. It is true there are 
methods in vogue which profess to accomplish the object in the 
presence of these substances, but they cannot lay claim to accuracy, 
and are not worth consideration. 

There are five methods of separation available : — 

(a) By molybdic acid (applicable to all minerals, soils, and 
manurial substances). 

(fi) By digestion with 5-per-cent. sulphuric acid solution 
(applicable to raw phosphates containing a moderate quantity of 
iron or alumina^ or both, such as Lahn phosphates, coprolites, &c.). 

(y) By Eeynoso and Girard's method as stannic phosphate 
(applicable to tiie same). 

(8) By Chancel's bismuth process (applicable to the same), 
in the abeence of sulphates and chlorides. 

(e) By Joulie's ammonio-magnesic citrate process (applicable 
to the same), and to manures in general; also as the preliminary 
step to the use of Stolba's alkallmetric method. 

Another admirable method of separating phosphoric acid from 
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iron and alumina is deBcribed by Flight {J, C, S, [2] xiii. p. 692), 
but as this is adapted more to minerals containing phosphoric acid 
mainly in combination with iron and alumina it need not further 
be described here. 



a. Separation by Holybdlo Solation. 

Molyhdie Solution : Prepared by diflsolving 150 gm. of ammonic moljb- 
date in 1 liter of water, and pouring it into 1 liter of commercially pure 
nitric aoid of sp. gr. 1*20 or thereabout (the mixture must not be reverBed). 
About 100 0.0. of this solution suffice to precipitate O'l fpn. of phosphorio 
acid, and it is not advisable to take a much greater quantity for sepajration. 
The mineral is best brought into solution by nitric acid ; sulphuric acid may 
be used, but in cases where lime is the base, it is obviouuy inadmissible. 
. Hydrochloric acid or chlorides must not be present in any large quantity, 
nor arsenic, silicic, or organic acids. 

The somewhat oonoentrated clear solution of the substance being prepared, 
moljbdic solution is added in the proportion mentioned, and the mixture 
allowed to stand at a temperature of about 50° C. for three hours (special 
experiments have proved conclusively that in all ordinary cases this is suffi- 
cient) ; it is then cooled, the yellow precipitate brought upon a small filter, 
and washed with a mixture of molybdic solution and water in equal propor- 
tions. If the washing is carefully done, it will not require more than double 
the volume of the original liquid. 

The precipitate is then dissolved in the least possible quantity of warm 
diluted ammonia (1 part of strong liquid ammonia and 3 pajrts of water), and 
the excess of ammonia nearly neutralised with hydroohloric acid ; the liquid 
is then cooled, and the phosphoric acid precipitated with " magnesia mixture" 
in the proportion of about 10 c.c. to 0*1 gm. of FK>^. 

Magnesia Mixture: Made by dissolving 110 gm. of magnesic chl<»ide 
and 140 gm. of ammonic chlonde in 1300 c.c. of water, and diluting the 
mixture to 2 liters with strong liquid ammonia. 10 c.c. of this clear mixture 
is nearly twice as much as is necessary to precijpitate 0*1 gm. P30^ but the 
excess is advisable, since it prevents the solubility of the double phosphate. 
After adding the precipitant, strong ammonia is poured into the mixture to 
about one-third of the volume ; the total Tolume for 0*1 gm. FK)^ should be 
about 100 or 120 c.c. After standing in the cold for tnree hours (spedal 
experiments have proved this to be quite sufficient), the precipitate is collected 
on a small filter, washed moderately with ammoniacal water, then dissolved 
with a few drops of strong hydrochloric add and hot water, the ffiter washed 
with repeated small portions of hot water, the excess ci acid cautiously 
neutralized with dilute ammonia, so that a faint but decided precipitate is 
formed, then 5 c.c. of sodic acetate solution added, which should again 
render the liquid clear ; and the solution titrated with standard uranic acetate 
as before described. 

The usual course adopted when the molybdic method of separa- 
tion is employed is to ignite and weigh the precipitate as magnesic 
pyrophosphate, and this is, when all precautions (such as removal 
of silica, &c.) are taken, undoubtedly the most correct way ; but 
nevertheless it is possible to obtain very good results volnmetri- 
cally ; in fact, quicker and better results may be obtained in the 
case of manures as a rule, because the removal of silica or other 
impurities is not necessary. 
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/3. aztrftotion of Um Pho«phorto Add mainly a* Oaloio Phosphate 
by dUnto Sulphorlo Acid (Graham's Kothod). 

10 gm. of the very finely powdered phosphate are weighed in a platinum 
or poroelain omoible, or in a small sheet-iron pan, and plaoed orer a gas or 
spirit lamp for about ten minutes, keeping it at a dull-red heat; then set 
amde to oool ; when oold transferred to a mcHrtar, and rubbed down to a fine 
powder, adding gradually 200 o.o. of oold dilute sulphurio aoid, containing 
6 per cent, of WAO*. 

The mixed aoid and phosphate are transferred to a liter flask, the mortar 
repeatedly rinsed out, first with portions of the measured aoid, and lastly 
with water, till the measure is made up. The whole is then well shaken 
oooasionally, and after three hours set aside to deposit ; or, if necessary, at the 
end of three hours a portion may be filtered for the analysis, which is oon- 
duoted as follows : — 

100 CO. of the dear fluid finom the flask are measured into a beaker, 
10 drops of a saturated solution of citric acid added, then cantioualy neutral- 
ised with potash or soda ; acetic aoid is then added in excea, then 10 c.c. of 
the sodic acetate solution, and the titration with uranium completed in the 
usual way. 

The separation of the iron and alumina by this method is not 
absolutely complete, and it is of course necessary that there should 
be sufidcient lime present in the original material to combine with 
the phosphoric acid. Traces of iron will generally be found to 
occur in the sulphuric acid solution ; nevertheless, for approximate 
purposes, such as samples of raw phosphat'Bs for manure manufeus- 
turers, it gives very fair results. 



y. Separation by Tin (fteynoso and airard). 

To the solution of the substance in nitric aoid pure granulated metallio 
tin is added, in the proportion of five or six parts to every part of phosphoric 
aoid supposed to be present, and the mixture digested on the water bath for 
two or three hours ; the fiuid is then carefully decanted ofif through a filter, 
and repeatedly washed by decantation with hot water. Yellow ammonio 
sulphide is then added to the precipitate in the beaker to dissolve all the 
stannic phosphate, and whatever traces may have been retained on the filter 
are removed by eventually passing the sulphide solutfon through it; the 
insdnble compounds of alumina and iron are thus retained on the original 
filter, and wMbed with water containing ammonio sulphide. Magnesia 
solution is then added to the dear greeniBh-vellow filtrate and washings, to 
precipitate all the phosphoric acid as double phosphate of magnesia and 
ammonia, which is collected, walbed with ammoniacal water, dissolved in 
aoetio add, and titrated with uranium as before described. 



0. Separation by Bismuth (Ohanoel). 

This process has given exceedingly good results in separating 
phosphoric acid from iron and alumina, but unfortunately is not 
available in the presence of chloridee or sulphates. It has been 
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especially used in the estimation of PO' in the German phos- 
phates, phosphorite, native phosphate of alumina, &c. ; and in 
comparison with the molybcUc and magnesia processes by weight 
has given fairly accurate results in a very much shorter time 
(Birnbaum, Z. a, 0, ix. p. 203). 

The procedure is as follows : — 2 gm. of the very finely powdered miaeral 
are covered with 6—7 o.c. pure nitno acid of sp. gr. 1*25, and l^ept at about 
90° C. for twenty minutes, then diluted with water and filtered. The filtrate 
is diluted to 600 o.o., sufficient for five separate estimations if required, 100 c.o. 
only being taken, equal to 0*4 gm. mineral. The 100 o.o. are diluted with the 
same volume of water, the fiuid then brought to boiling, and precipitated 
with a solution of bismuthio nitrate prepajred in the following manner : — 
Crystals of bismuthio nitrate are treated with water, and just so much nitric 
acid added that on further dilution with water no milkiness takes place ; the 
proportion of bismuth should be about 26 gm. per liter. Sufficient of this 
solution being added to combine with all the F^, the vessel is set aside to 
cool, by which means the precipitate becomes crystalline ; and moreover, the 
whole of the bismuthio phosphate will be separated from the fiuid, which 
would not be the case in the hot liquid. The fiuid is decanted through a 
filter, adding cold water repeatedly to the main precipitate in the beaker, 
and pouring off. When sufficiency washed, the filtrate is treated with a 
few drops of hydrochloric acid to dissolve the small quantity of precipitate 
upon it, washed, and the fiuid so obtained mixed with the main precipitate. 
Ammonia and ammonic sulphide are then added in tolerable quontily, and 
the mixture digested till the precipitate is quite black; acetic acid in excess 
is then added, and the mixture heated nearly to boiling for a short time, 
filtered when settled clear, washed, the remaining traces of H^ in the fiuid 
removed by a little chlorine water, and then titrated with uranium solution 
as usual. 

The titration with uranium must be adopted, since the bismuthio 
precipitate is not of constant composition; however, it contains 
all the P*0* in the original compound, and can be recovered as 
ammonic phosphate, the bismuth being all removed as sulphide. 
It is absolutely necessary that no hydrochloric or sulphuric acid is 
present in the original solution in which the precipitation takes 
place. 

e. Citric Aoid Method (Joulie). 

This process has derived some notoriety from the fact, that it is 
recommended as the be^t for the analysis of phosphatic materials 
by a Commission on Manures* appointed by the French Agricul- 
tural Society. 

It is in many respects similar to the method adopted by 
Fresenius, Neubauer, and Luck (see § 82), and consists 
essentially in precipitating the phosphoric acid from its combina- 
tions with calcium, iron, and sdumina, as double phosphate of 
magnesia and ammonia in the presence of ammonic citrate, and the 
subsequent titration of the precipitate with uranium solution. Of 
course it is a matter of no consequence whether the precipitate so 

* ByiMixi d« la SoctVt^ d«« ^^ricuU^urs d« Fratu;e, 1876, p. 53, et suivantes. 
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obtained is contaminated with calcium, so long as the whole pf the 
phosphoriq acid is carried down free from iron aiid alumina, mi ill 
such a form as to be readily titrated by uranium. 

Joulie h^s adopted a systematic method iu which all classes 
of manures containing phosphates i^re treated ^ike, weather iron 
or alumina are, or are not, present Thi3 insures uniformity in 
titration, siiiqe approximate quantities of re-^pt9 ^TQ 114^4 in all 
cases. 

In the 0486 of raw phosphates, 6 gm. of material are disaolved in hvdro^ 
chloric acid, if neoessary, with the addition of nitric acid, the solution filtered 
and diluted to a definite measure, say 200 or 250 c.o. 

The quantity reoommended for titration is such that it shall contain from 
20 to 40 m.gm. of phoephorio acid. A trial may first he made with 
10 0.0. of the diasolTod material, and the amount of precipitate obtained by 
the magnesia mixture will indioate to an expert somewhere about the pro- 
portion of phosphoric acid present, and serve as a guide to the quantity of 
liquid to operate upon. 

Ammonio-m^g^t^'c CiiraU : Thip solution for precipitating the phosphorio 
acid is prepared by dissolving 4QQ gm* of citric acid in 200 gm. of warm 
water, adding 22 gm. of pure ma^pesio carbonate, and when all effetveaoenoe 
is over and the liquid clear, pounng into the mixture 400 o.c. of solution of 
ammonia of sp. gr. 0920. tAstly, the whole is diluted to the measuie of 
1 liter. It should be strongly aoid» and should be freshly prepared at inter-» 
vals of a month or so. 

10 0.0. of this solution amply suffices to precipitate 40 m.gm. of phoephorio 
acid; and the operation is best made in a small flask, gently shaking the 
mixed cold liqmds, adding anunonia freely in excess, and setting quietly 
aside for two hours in order that the crystalline precipitate may sepiirate. 
Two hours have been proved sufficient under all varying oiroumstiuiceB. 

The precipitate is then filtered on a small ffiter (very porous pa^r may be 
used), and repeatedly washed with small quantities of ammoniaoBl water. 
The precipitate is then dissolved on the filter with 10 c.c. d nitric acid 
(1 : 10) ; first washing out the precipitating fiask with it to dissolve traces of 
crystals whioh may adhere, finally washing the filter with repeated small 
quantities of boiling water, and receiving the filtrate into a beaker capable 
of holding about 160 c.o. and marked at 75 co. A snudl filter about one 
inch in depth is quite large enough for the pui^K)6e, and permits of bein^ 
well washed without the use of large volumes of liquid. When the precipi- 
tate is dissolved, and the filter properly washed, the total amount of liquid 
need not exceed 80 c.o. ; to this clear solution dilute ammonia is cautiously 
added drop by drop, until a persistent cloud is produced ; 6 o.o. of solution 
of sodic acetate is then added, the mixture heated on the water bath to 90^ 
or 100** C, and the titration completed in the usual way. 

Joulie prefers to standardize his solution of uranium by means 
of a weighed quantity of pure ammonic phosphate. 3*087 gm. of 
this salt previously dried at 100° C. are dissolved in, a liter of water ; 
the solution so obtained contains 2 gm. of phosphoric acid, and 
consequently 20 c.c. represent 40 m.gm. 

An approximate uranium solution la obtained by diseolving 
about 40 gm. of uranic nitrate in a liter of wat^, and adding to 
it ammonia till a persistent precipitate occurs, then free acetic acid 
in slight excess, and fdtering after a day or two to remove any 
basic salt or traces of uranic phosphate wluch may be present. 

R 
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Titration of the Uranium Solution, — 20 c.c. of the standard 
ammonic phosphate and 5 c.c. of sodic acetate are measured into a 
heaker, holding about 150 cc, and marked at 75 c.c., then dilated 
to 75 cc, and heated to near boiling ; the uranium solution is then 
cautiously delivered into the mixture until a test taken in the usual 
way with ferrocyanide shows the brown colour. 

Joulie makes a correction for the excess of uranium necessary 
to give this colour ; but as all the titrations are supposed to take 
place imder the same conditions as to volume of liquid and 
quantities of re-agents, it is not a matter of great importance 

The Analytical Process: The working power of the uranium solution 
having been proved by the titration just deeoribed, and which is of oourse 
repeatedly done till the exact point is ascertained^ the operator is in a position 
to titrate any given specimen of phosphate. To resume, therefore, the 
operation of preparing the raw material, and obtaining the precipitate from 
the citro-magnesic solution, a volume of the phosphate solution correspond^ 
ing to 80 or 40 m.gm. of phosphoric acid, or as near thereto as is possible, are 
precipitated, the precipitate dissolved, 5 cc. of sodic acetate added, dilated 
to 75 cc, then heated to boiling, and the approximate amount of uranium 
ascertained. A second trial is then made, adding at once before heating 
nearly the necessary quantity of uranium, and finally drop by drop till the 
exact point is known: thus, to give one of Joulie's examples, suj^pose 
5 gm. of material has been weighed and dissolved in 20 cc of nitric or 
hydrochloric acid, and the solution made up to 100 cc 20 cc of this solu- 
tion, representing 1 gm. of material, is precipitated as described, and requires 
16'2 ccof uranium, of which each c.c.= 0*00476 gm. PO*, then 16'2x 
000476=0077112 gm. or 15-42 per cent. I«0*. 

The quantities operated upon by Joulie are very small, and 
liable in the hands of careless operators to give rise to serious 
errors ; nevertheless, experiments made by myself upon phosphates 
containing iron and alumina, as well as pure calcic phosphates, 
have given very concordant results, the precipitates being entirely 
free from both iron and alumina. 

The chief value of the process is the method of separating the 
phosphoric acid in such a clean form as to be available for titration. 
Other portions of Joulie's method relating to reduced and 
assimilable phosphates, and their estimation by means of alkaline 
ammonic citrate or oxalate, are of questionable value, and hence are 
not given here. 

Becovery of Uranium Beaiduea. 

Uranic phosphate, or amraonio-phosphate, as they occur in the 
estimation of phosphoric acid volumetrically or by weight, should 
be collected in a suitable vessel until a sufficient amount to recover 
has accumulated. A little excess of sodic or calcic phosphate 
should always be present to insure the precipitation of all the 
uranium. 

The recovery is best done as follows :— 

Wash the precipitate two or three times with warm water by 
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decantation so as to remove the bulk of soluble salts, then pour 
the moist precipitate into a warm saturated solution of ammonic 
carbonate until no more is dissolved; or rather, let there be sufficient 
ammonic carbonate solution to dissolve the whole of the precipitate; 
any iron present will be left undissolved. Hie solution is then 
filtered clear, and the phosphoric acid precipitated with ' magnesia 
mixture ' (see page 238) ; after standing eight or ten hours the 
solution of uranium in ammonic carbonate is filtered off, and 
evaporated to about half its bulk, when a basic salt of uranium and 
ammonic carbonate will begin to separate ; hydrochloric acid is then 
added in excess and the mixture boiled to drive off all traces of 
cai-bonic acid. Liquid ammonia free from carbonate is then added 
in excess, which at once precipitates pure ammonio-uranic oxide in 
such a form as to be readily washed in a filter, after which it may 
be dissolved in acetic or nitric acid ready for standard solution ; the 
loss is under 5 per cent. 



Stolba's Allcalimetrlo Hethod. 

This process has given me very good results in the analysis of 
superphosphates containing iron and alumina, even if the quantity 
of these substances is very considerable, such as mostly occurs 
when the total F'O' has to be estimated in a given manure, and 
where the hydrochloric aaid solution has necessarily extracted all 
the iron or alumina present in the substance. 

The Analytical Process : The dear aqueous solution of 1 gm. of a super- 
phosphate, or the acid solution of the soluble and insoluble phosphates, is 
placed into a beaker holding about 160 c.c, and from 80 to 60 c.o. of magnesic 
citrate solution (p. 241) added aooording to the proportion of PK)*. The 
mixture will be decidedly aoid ; this is at onoe neutnJixed with a good excess 
of stronff anmionia, and vigorously stirred, regardless of rubbing the sides of 
the beaker. If the stirrmg is done at intervalB of a few minutes, it is 
possible to separate the whole of the PO* in half an hour, but for safety the 
mixture may be left at rest for another half-hour; then the liquid filtered 
through a porous filter, washing the main precipitate and the filter with 
alcohS or methylated spirit of 60 per cent, until all free ammonia is 
removed. The stirring rod and sides of the beaker will be covered with 
crystals, which need not be detached, but must be carefully washed with the 
dilute alcohol ; and finally, the main precipitate may be transferred to the 
filter to drain ; but before this is done, the first strong ammoniaoal filtrate 
should be removed from beneath the funnel, so that no volatile ammonia 
may contaminate the precipitate or filter. In fact, all care must be taken 
to remove ammonia, except that which is chemically combined with the 
magnesia and the phosphoric acid ; this being done, ue original beaker and 
stirring rod are placed under the funnel, and a measured excess of ^ 
sulphuric, nitric, or hydrochloric acid is poured over the filter and precipitate 
in repeated small quantities until the double phosphate is completely dift- 
solved. Finally, the whole is washed with repeated portions of hot water, 
so that all the salt is extracted from the folds of the filter, and a perfectlv 
clear solution of all thQ or/itftls from the rod and sides of the beaker is 
obtained. 
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The titetion is iQAde by cooling the liquid to ordipaiy temperature^ and 
adding a drop or two of oochineal indicator or corallin (§ 13), then titrating 
reffidiudly with ^ ammonia or other alkali. 

Tbo volume of -^ acid neutralijKed by the alkaline double phos- 
pbiite, when multiplied by 000355, will give the weight of PO*, 
or by 0*00776, iho weigbt of 3CaP0^ iu the 1 gm. of material 
uaed. 

Tbe prooeeg U ope of delicacy, and cannot be used except by 
experienced manipulators, 



ST77BBPH0SPHATBS. 

Probably there exists no substance which admits of more 
discrepancy in analytical results than the so-called superphosphate 
of lime. It is evident that this discrepancy is mainly due to the 
various methods of extraction of the soluble phosphoric acid 
adopted by diflferent analysts. 

Eaw phosphatic materials consisting mainly of insoluble tricalcic 
phosphate (Ca'PO") when treated with sulphuric acid by the 
manuftoturer give rise to the production of soluble monocalcic 
pboeplUte (CaH^PO^), together with calcic sulphate and small 
<|«uintitieB of magnesia, iron, alumina, organic matter, &c. 

A long series of experiments have proved that the soluble 
phosphoric acid existing in such a mixture is immediately removed 
by cold water. 

It would tend very much to uniformity of results among 
analysts if tbd method of extraction adopted by the Magdeburg 
AwMiation of Agricultural ChemiBts were in general use, and 
which rimply consists in weighing 20 gm. of the sample, transfer- 
ring to a mortar, adding cold water, and gently breaking down any 
lumps with the pestle without grinding the residue, and so with 
iiq>eatfid somU quantiiti^ of water transferring the whole to a liter 
flask. The exact measure is then made up with water, the mixture 
occasionally shaken for two hours, and the required porticm filtered 
through a dry filter for titration with uranium, or for analysis by 
say other ehosen method* 

50 ex. of the solution so prepared represents 1 gm. of super- 
phosphate, and with ordinary manufactures this is a c<mvenient 
quantity for titration. In the case of very rich preparations, such 
as dissolved guanos or concentrated manures, 10 gm. should be 
weighed instead of 20 gm, or if 20 be used, 25 c.c. only of the 
solution with S5 c.c. of water should be taken instead of 50 c.e. 
for titration. 

The Uranium SduHon, — ^For the analysis of manures it is 
exceedingly convenient to have this solution of such strength that 
each C.C. represents one per cent, of tribasic calcic phosphate 
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rendered soluble by acid, when 1 gm. of the manure is taken for 
analysis. The preparation of this solution has been previously 
described (p. 237). 

Superphosphates containing Iron and Alumina. — ^The presence 
of these bodies may be known immediately by a semi-transparent 
gelatinous precipitate being produced in the dear solution of manure, 
when a slight excess of ammonia, followed by acetic acid, is added 
to 50 C.C. of the solution of manure. If there are only faint traces 
of ferric phosphate, which is generally the case in superphosphates, 
it may be disregarded ; but if more than this occurs, the precipitate 
must cither be weighed as such, and the clear calcic solution 
titrated by itself, or J ou lie's method of separation may be 
adopted (see p. 241), taking care to wash all citric acid out of the 
precipitate before the titration is made. Instead of the titration by 
uranium Stolba's method may be used, especially if much iron or 
alumina has been shown to be present 

K it be desired to weigh the precipitate of iron and alumina 
phosphates, 200 c.c. of the manure solution should be mixed with 
50 c.c. of the usual acid sodic acetate solution, and the resulting 
precipitate filtered off, washing it on the filter three or four times 
with small quantities of boiling water (too much water must not 
be used, as it is not perfectly insoluble), then ignited and weighed, 
calculating 47 per cent of it as phosphoric acid. 

50 c.c. of the filtrate kept separate from the washings (:= 40 c.c. 
of the original solution) may then be titrated with uranium as usual. 



SILVER. 
Ag=107'66. 

c.c. or 1 dm. f^ solution of sodic chloride = 0*010766 gni. or 
0-10766 gm. metallic Silver; also 0-016966 gm. or 0*16966 gm. 
Silver nitrate. 



1. Precipitation with ^ Sodic Obloride. 

§ 70. The determinatioli of silver is precisely the converse of 
the operations described under chlorine (§ 37, 1 and 2), and the 
process may either be concluded by adding the sodic chloride till 
no further precipitate is produced (§ 50.1), or potassic chromate 
may be used as an indicator (§ 37.26). In the latter case, however, 
it is advisable to add the salt solution in excess, then a drop or 
two of chromate solution, and titrate rssidually with ^^ silver 
solution, till the red colour is produced, for the excess of sodic 
chloride. 
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2. By Axnmonio Sulphooyanate (Thlooyanate). 

The principle of this method is fully described in § 39, and need 
not further be alluded to here. The author of the method 
(Volhard) states, that comparative tests made by this method 
and that of Gay Lussac gave etiually exact results, both being 
controlled by cupellation, but claims for this process that the end 
of the reaction is more easily distinguished, and that there is no 
labour of shaking, or danger of decomposition by light, as in the 
case of chloride. 



8. EBtixnation of Silver, In Ores and Alloys, by Starch Iodide 
(Method of Pisani and F. Field). 

If a solution of blue-starch-iodide be added to a neutral solution 
of silver nitrate, while any of the latter is in excess the blue colour 
disappears, the iodine entering into combination with the silver ; as 
soon as all the silver is thus saturated, the blue colour remains 
permanent, and marks the end of the process. The reaction is very 
delicate, and the process is more especially applicable to the analysis 
of ores and alloys of silver containing lead and copper, but not 
mercury, tin, iron, manganese, antimony, arsenic, or gold in solution. 

The solution of starch iodide, devised by Pisani, is made by 
rubbing together in a mortar 2 gm. iodine with 15 gm. of starch 
and about 6 or 8 drops of water, putting the moist mixture into a 
stoppered flask, and digesting in a water bath for about an hour, or 
until it has assumed a dark bluish-grey colour ; water is then added 
till all is dissolved. The strength of the solution is then ascertained 
by titrating it with 10 cc. of a solution of silver containing 1 gm. 
in the liter, to which a portion of pure precipitate calcic carbonate 
is added ; the addition of this latter removes all excess of acid, and 
at the same time enables the operator to distinguish the end of the 
reaction more accurately. The starch solution should bo of such a 
strength that about 50 c.c. are required for 10 cc. of the silver 
solution (=0'01 gm. silver). 

F. Field (G, N. ii. p. 17), who discovered the principle of this 
method simultaneously with Pisani, uses a solution of iodine in 
potassic iodide with starch liquor. Those who desire to make 
use of this plan can use the deci- and centi-normal solutions of 
iodine described in § 35, the results being the same in either case. 

In the analysis of silver containing copper the solution must be 
considerably diluted in order to weaken the colour of the copper ; a 
small measured portion is then taken, calcic carbonate added, and 
starch iodide till the colour is permanent. It is best to operate 
with about from 60 to 100 cc, containing not more than 0-02 gm. 
silver ; when the quantity is much greater than this, it is preferable 
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to precipitate the greater portion with |^ sodic chloride, and to 
complete with starch iodide after filtering off the chloride. When 
lead is present with silver in tlie nitric acid solution, add sulphuric 
acid, and filter off the lead sulphate, then add calcic carhonate to 
neutralize excess of acid, filter again if necessary, then add fresh 
carbonate and titrate as above. 



4. Aasay of Commeroial Silver (Plate, Bullion, Coin, ftc). Qay 
Lussac'e Method modified by J. Q, Mulder. 

For more than thirty years Gay Lussac's method of estimating 
silver in its alloys has been practised intact, at all the European 
mints, under the name of the ** humid method," in place of the old 
system of cupellation. During that time it has been regarded as one 
of the most exact methods of quantitative analysis. The researches 
of Mulder, however, into the innermost details of the process 
have shown that it is capable of even greater accuracy than has 
hitherto be gained by it For the particulars of Mulder's 
investigations I cannot do better than refer the reader to the 
excellent translations of his memoir, contributed to the C. N. 
by Adriani. 

The principle of the process is the same as described under the 
head of chlorine, depending on the affinity which that body has for 
silver in preference to all other substances, and resulting in the 
formation of chloride of silver, a compound insoluble in dilute 
acids, and which readily separates itself from the liquid in which 
it is suspended. 

The plan originally devised by the illustrious inventor of the 
process for assaying silver, and which is still followed, is to consider 
the weight of alloy taken for examination to consist of 1000 parts, 
and the question is to find how many of these parts are pure silver. 
This empirical system was arranged for the convenience of com- 
merce, and being now thoroughly established, it is the best plan of 
procedure. If, therefore, a standard solution of salt be made of 
such strength that 100 c.c. will exactly precipitate 1 gm. of silver, 
it is manifest that each ^^ c.c will precipitate 1 m.gm. or ij}(r6 
part of the gram taken; and conseij^uently in the analysis of 
1 gm. of any alloy containing silver, the number of ,^5 c.c. 
required to precipitate all the silver out of it would be the number 
of thousandths of pure silver contained in the specimen. 

In practice, however, it would not do to follow this plan precisely, 
inasmuch as neither the measurement of the standaid solution nor 
the ending of the process would be gained in the most exact 
manner; consequently, a decimal solution of salt, one-tenth the 
strength of the standaid solution, is prepared, so that 1000 cc. will 
exactly precipitate 1 gm. of silver, and, therefore, 1 c.c. 1 m.gm. 

The silver alloy to be examined (the composition of which must 
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bo approximately known) is weighed so that about 1 gtu. of pure 
silver is present j it is then dissolved in pure nitric acid by the aid 
of H gentle heat, and 100 c.c. of standard solution of salt added 
from a pipette in order to precipitate exactly 1 gm. of silver ; the 
bottle containing the mixture is then well shaken until the chloride 
of silver has curdled, leaving the liquid clear. 

The question is now : Which is in excess, salt or silver? A drop 
of decimal salt solution is added, and if a precipitate be produced 
1 c.c. is delivered in, and after clearing, another, and so on as long 
as a precipitate is produced. If on the other hand the one drop of 
salt produced no precipitate, showing that the pure silver present 
was less than 1 gm., a decimal solution of silver is used, prepared 
by dissolving 1 gm. pure silver in pure nitric acid and diluting to 
1 litet. This solution is added after the same manner as the salt 
solution just described, until no further precipitate occurs ; in either 
case the quantity of decimal solution used is noted, and the results 
calculated in thousandths for 1 gm. of the alloy. 

The process thus shortly described is that originally devised by 
Gay Lussac, and it was taken for granted that when equivalent 
chemical proportions of silver and sodic chloride were brought thus 
in contact that every trace of the metal was precipitated from the 
solution, leaving sodic nitrate and iree nitric acid only in solution. 
The researches of Mulder, however, go to prove that this is not 
strictly the case, but that when the most exact chemical proportions 
of silver and salt are made to react on each other, and the chloride 
has subsided, a few drops more of either salt or silver solution will 
produce a further, precipitate, indicating the presence of both silver 
nitrate and sodic chloride in a state of equilibrium, which is upset 
on the addition of either salt or silver. Mulder decides, and no 
doubt rightly, that this peculiarity is owing to the presence of sodic 
nitrate, and varies somewhat with the temperature and state of 
dilution of the liquid. 

It therefore follows that when a silver solution is carefully pre- 
cipitated, first by concentrated and then by dilute salt solution, 
until no further precipitate appears, the clear liquid will at this 
point give a precipitate with dilute silver solution ; and if it bo 
added till lio further cloudiness is produced, it will again bo 
precipitable by dilute salt solution. 

Example f Sup|)O0e that in a given ftilrer analysifl the decimal salt solution 
has been added so long as a preoi^tate is produced, and that 1 c.c. («=E0 drops 
of Mulder's dropping apparatus) of decimal silver is in turn required to 
precipitate the apparent excess, it would be found that when this had been 
done, 1 c.c. more of salt solution would be wanted to reach the point at which 
no further cloudiness is produced by it, and so the changes might be rung 
time after time; if, howeyer, instead of the last 1 o.c. (=20 drops) of salt, 
half the quantity be added, that is to say 10 drops (=i o.o.), Mulder's 
so-called neutral point is reached; namely, that in which, if the liquid be 
divided in half, both salt and silver will produce the same amount of 
precipitate. At this stage the solution contains silver chloride dissolved 
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in sodio nitrate, and the addition of either salt or silver expels it from 
solution. 

A silver analysis may therefore be concluded in three ways — 
n ) By adding decimal salt solution until it just ceases to produce 
a cloudiness. 

(2) By adding a slight excess of salt, and then decimal silver till 
no more precipitate occurs. 

(3) By finding the neutral point 

According to Mulder the latter is the only correct method, and 
preserves its accuracy at all temperatures up to 56° C. ( = 133* Fahr.), 
while the difference between 1 and 3 amounts to | a m.gm., and 
that between 1 and 2 to 1 m.gm. on 1 gm. of silver at 16° C. 
( = 60° Fahr.) and is seriously increased by variation of temperature. 

It will readily be seen that much more trouble and care is 
required by Mulder's method than by that of Gay Lussac, but, 
as a compensation, much greater accuracy is obtained. 

On the whole, it appears to me preferable to weigh the alloy so 
that slightly more than 1 gm. of silver is present, and to choose the 
ending No. 1, adding drop by drop the decimal salt solution until 
just a trace of the precipitate is seen, and which, after some practice, 
is known by the operator to be final. It will be found that the 
quantity qf salt solution used will slightly exceed that required by 
chemical computation; say 100*1 c.c. are found equal to 1 gm. of 
silver, the operator has only to calculate that quantity of the salt 
solution in question for every 1 gm. of silver he assays in the form 
of alloy, and the error produced by the solubility of silver chloride 
in sodic nitrate is removed. 

If the decimal solution has been cautiously added, and the 
temperature not higher than 17° C. ( = 62° Fahr.^ this method of 
conclusion is as reliable as No. 3, and free from the possible errors 
of experiment; for it requires a great expenditure of time and 
patience to reverse an assay two or three times, and each time 
cautiously adding the solutions, drop by drop, then shaking and 
waiting for the liquid to clear, besides the risk of discolouring the 
chloride of silver, which would at once vitiate the results. 

The decimal silver solution, according to this arrangement, would 
seldom be required ; if the salt has been incautiously added, or the 
quantity of alloy too little to contain 1 gm. pure silver, then it is 
best to add once for all 2, 3, or 5 c.a, according to circumstances, 
and finish with decimal salt as No. 1, deducting the silver added. 

The Standard Solutions and Apparatns. 

(a) Standard Salt Solution : Pure sodic chloride is prepared by treating 
a oonoentrated solution of the whitest table-salt first with a solution of 
caustic haryta to remove sulphurio add and magnesia, then with a slij^ht 
exoess of sodic carbonate to remove baryta and lime, warminff and idlowmg 
the precipitates to subside, then evaporating to a small bulk that crystals 
may form ; these are separated by a filter, and slightly washed with cold 
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distilled water, dried, removed from the filter, and heated to dull redness, 
and when cold prosenred in a well-closed bottle for use. The mother-liquor 
is thrown away, or used for other purposes. Of the salt so prepared, or of 
ohemioallj pure rock-salt (Steinsuz, a substance to be obtained freely in 
Germany), 5*4145 gm. are to be weighed and dissolved in 1 liter of distilled 
water at 16° G. ( = 60° Fahr.) 100 c.c. of this solution will precipitate exactly 
1 gm. of silver. It is preserved in a well-stoppered bottle, and shaken 



{b) Decimal Salt Solution : 100 c.c. of the above solution are diluted to 
exactly 1 liter with distilled water at 16* G. ( = 60° Fahr.) 1 c.c. will precipi- 
tate O'OOl gm. of silver. 

(c) Decimal Silver Solution : Pure metallic silver is beet prepared by 
galvanic action from pure chloride ; and as clean and secure a method as 
any is to wrap a lump of clean sine, into which a silver wire is melted, with 
a piece of wetted bladder or calico, so as to keep any particles of impurity 
contained in the zinc from the silver. The chloride is placed at the lK>ttom 
of a porcelain dish, covered with dilute sulphuric acid, and the sine laid in 
the middle ; the silver wire is bent over so as to be immersed in the chloride. 
As soon as the acid begins to act upon the sine the reduction commences in 
the chloride, and grows gradually all over the mass ; the resulting finely- 
divided silver is well washed, first with dilute acid, then with hot water, till 
all acid and soluble zinc are removed. 

The moist metal is then mixed with a little' sodic carbonate, saltpetre, and 
borax, say about an eighth part of each, and dried perfectly. 

The metallic silver obtained as above is never free altogether from organic 
matter and undecomposed chloride, and, therefore, it must iqvariably be 
melted. Mulder recommends that the melting should be done in a porce- 
lain crucible immersed in sand contained in a common earthen crucible; 
borax is sprinkled over the surface of the sand so that it may be somewhat 
vitrified, that in pouring out the silver when melted no particles of dirt or 
sand mny fall into it. If the quantity of metal be small it may be melted in 
a porcelain crucible over a gas olowpipe. 

The molten metal obtained in either case can be poured into cold water 
and so granulated, or upon a slab of pipe-clay, into which a glass plate has 
been pressed when soft so as to form a shallow mould. The metal is then 
washed well with boiling water to remove accidental surface impurities, and 
rolled into thin strips by a goldsmith's miU, in order that it may be readily 
cut for weighing. The granulated metal is, of course, ready for use at once 
without any rolling. 

1 gm. of this silver is dissolved in pure dilute nitric acid, and 
diluted to 1 liter ; each c.c. contains 0*001 gm. of silver. It should 
be kept from the light 

{d) Dropping Apparatus for Condvding the Assay. — Mulder 
constructs a special affair for this purpose, consisting of a pear- 
shaped vessel fixed in a stand, with special arrangements for 
preventing any continued flow of liquid. The delivery tube has an 
opening of such size that 20 drops measure exactly 1 c.c. The 
vessel itself is not graduated. As this arrangement is of more 
service to assay than to general laboratories, it need not be further 
described here. A small burette divided in ^ cc, with a conve* 
nient dropping tube, will answer every purpose, and possesses the 
further advantage of recording the actual volume of fluid delivered. 

The 100-c.c. pipette, for delivering the concentrated salt solution,* 
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must be accurately graduated, and should deliver exactly 100 gm. 
of distilled water at 16° C. 

The test bottles, holding about 200 cc, should have their 
stoppers well ground and brought to a point, and should be fitted 
into japanned tin tubes reaching as high as the neck, so as to pre- 
serve the precipitated chloride from the action of light, and, when 
shaken, a piece of black cloth should be covered over the stopper. 

(c) Titratian of the Standard Salt Solution, — From what has 
been said previously as to the principle of this method, it will be 
seen that it is not possible to rely absolutely upon a standard solu- 
tion of salt containing 5*4145 gm. per liter, although this is 
chemically correct in its strength. The real working power must 
be found by experiment. From 1*002 to 1*004 gm. of absolutely 
pure silver is weighed on the assay balance, put into a test bottle 
with about 5 cc. of pure nitric acid, of about 1*2 sp. gr., and gently 
heated in the water or sand bath till it is all dissolved. The 
nitrous vapours are then blown from the bottle, and it is set aside 
to cool down to about 16*^ C. or GO** Fahr. 

The 100 cc. pipette, which should be securely ^xed in a support, 
is then carefully filled with the salt solution, and delivered into 
the test bottle contained in its case, the moistened stopper inserted, 
covered over with the black velvet or cloth, and shaken con- 
tinuously till the chloride has clotted, and the liquid becomes clear ; 
the stopper is then slightly lifted, and its point touched against the 
neck of the bottle to remove excess of liquid, again inserted, and 
any particles of chloride washed down from the top of the bottle 
by carefully shaking the clear liquid over them. The bottle is then 
brought under the decimal salt burette, and | cc. added, the mix- 
ture shaken, cleared, another ^ cc. put in, and the bottle lifted 
partly out of its case to see "if the precipitate is considerable; 
lastly, 2 or 3 drops only of the solution are added at a time until 
no further opacity is produced by the final drop. Suppose, for 
instance, that in titrating the salt solution it is found that 1 *003 gm. 
of silver require 100 cc. concentrated, and 4 cc decimal solution, 
altogether equal to 100*4 cc. concentrated, then — 

1*003 silver : 100*4 salt : : 1000 :x x= 100*0999. 

The result is within y^^ of 100*1, which is near enough for the 
purpose, and may be more conveniently used. The operator, 
therefore, knows that 100*1 cc. of the concentrated salt solution 
at 16"^ C. will exactly precipitate 1 gm. silver, and calculates 
accordingly in his examination of alloys. 

In the assay of coin and plate of the English standard, namely, 
11*1 silver and 0*9 copper, the weight corresponding to 1 gm. of 
silver is 1081 gm., therefore, in examining this alloy 1*085 gm. 
may be weighexl. 

When the quantity of silver is not approximately known, a 
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preliminaij analysis is necessary, irhich is best made by dissolving 
I or 1 gm. of the alloy in nitric acid, and precipitating very care- 
fully with the concentrated salt solution from a |^ c.c. burette. 
Suppose that in this manner 1 gm. of alloy required 45 c.c. salt 
solution, 

1001 salt : 1-000 silver ! : 45 : a; a; = 0*4495, and again 
0-4495 :1 :: 1003 :«= 2-231. 

2-231 gm. of this particular alloy are therefore taken for the 
assay. 

Where alloys of silver contain sulphur or gold, with small 
quantities of tin, lead, or antimony, they are first treated vriih a 
small quantity of nitric acid so long as red vapours are disengaged, 
then boiled with concentrated sulphuric acid till the gold has 
become compact, set aside to cool, diluted with water, and titrated 
as above. 

▲flsayinr on the Orain System. 

It will be readily seen that the process just described may quite 
as conveniently be arranged on the grain system by substituting 10 
grains of silver as the unit in place of the gram ; each decern of 
concentrated salt solution would then be equal to -^'q of a grain 
of silver, and each decem of decimal solution to ^^-^ of a grain. 



6. Analysis of the Silver Solutions used in Photography. 

The silver bath solutions for sensitizing collodion and paper 
frequently require examination, as their strength is constantly 
lessening. To save calculation, it is better to use an empiriccd 
solution of salt than the systematic one described above. 

This is best prepared by dissolving 43 grains of pure sodic 
chloride in 1 0,000 grains of distilled water.. Kach decem (= 10 gm.) 
of this solution will precipitate 0*125 gm. (i.e, J grn.) of pure 
silver nitrate ; therefore, if 1 fluid drachm of any silver solution 
be taken for examination, the number of decems of salt solution 
required to precipitate all the silver will be the number of grains of 
silver nitrate in each ounce of the solution. 

Example : One fluid drachm of an old nitrate baUi was carefully measured 
into a stoppered bottle^ 10 or 15 drops of pure nitrio acid and a little distilled 
water added ; the salt solution was then cautiously added, shaking well after 
each addition until no further precipitate was produced. The quantity 
required was 26*6 dm.=26| grains of suver nitrate in eaoh ounce of solution. 

Crystals of silver nitrate may also be examined in the same way, 
by dissolving say 30 or 40 grn. in an ounce of water, taking one 
drachm of the fluid and titrating as above. 
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In consequence of th^ rapidity ai^d accuracy with which silver 
may h^ determined^ when potassic chromate is used as indicator, 
some may prefer to use that n^etl^od. It is then necessary to have 
a standard solution of silver, of the same chemical power as the 
salt solution; this is made hy dissolving 125 grains of pure and 
dry peutral silver nitrate in 1000 dm. of distilled water ; hoth 
solutions will then he equal, volume for volume. 

Suppose, therefore, it is necessary to examine a silver solution 
used for sensitizing paper. One drachm is measured, and if any 
free acid he present, cautiously neutralize with a weak solution 
of sodic carhonate ; 100 dm. of salt solution arc then added with a 
pipette. If the solution is under 100 grn. to the ounce, the quantity 
will he sufficient 3 or 4 drops of chromate solution are then 
added, and the silver solution delivered from the hurette until the 
rpd colour of silver chromate is just visible. If 25*5 dm. have been 
required, that number is deducted from the 100 dm. of salt solution, 
which leaves 74*5 dm., or 74^ grains to the ounce. 

This method is much more likely to give exact results in the 
hands of persons not expert in analysis than the ordinary plan by 
precipitation, inasmuch, as with collodion baths, containing as they 
always do silver iodide, it is almost impossible to get the supernatant 
liquid clear enough to distinguish the exact end of the analysis. 



§ 71. The term sugar is applied to several bodies possessing 
distinct propeHies, and differing somewhat in molecular composi- 
tion, also differing materially in their eifects upon various re-agents. 

The methods in general use for the estimation of the various 
kinds of sugar are, the optical method, by the polariscopo or polar- 
izing saccharometer ; by gravimetric analysis with copper solution, 
and volumetric analysis by copper or mercury solutions. The two 
last depend upon the reducing power possessed by various kinds of 
saccharine substances upon the oxides of copper or mercury. 

The study of the nature of the various sugars, and their effects 
upon certain re-agents, is one of great interest and importance, and 
has given rise to very extensive researches, including the transfor- 
mation products of starch, malt, &c.* 

The discussion of the intricate organic changes which occur in 
vegetable juices, or the starches, in relation to the sugar they con- 
tain, or are capable of developing, is far too complicated a matter 
to be entered upon here ; but those who may be concerned in the 

* Bnmpf and Heintzerling, Z. a. C. iz. p. 868. 
' SulllTa n, J. C. 8. 1878, p. 679, ko,, ko. 
MSrker, Xaiulie. Vermtchs-Slai, xziL p. 69. 
Muicalns and Qrnbor, BvU. 8oe, Chin, xzx. p. 54. 
H a f n e r. Jour, /. praet. Chtm, JS] ▼. p. 878. 
Brown and Heron/J. O. 8. iS79, p. 596. 
8 o z hi e t, JwT, /, pract. Chm, [21 zzi. p. 827. 
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study of such subjects will derive great advantage from the perusal 
of the admirable papers of 'Sullivan and Brown and Heron, 
which may be reg£uxled as models of research in this particular 
bi-anch of organic chemistry. The varieties of sugar of general 
importance are — 

(1) Those that possess the chemical composition of grape sugar 
or glucose, C*H"0*, such as thfe sugar contained in the juice of 
grapes, apples, and other ripe fruit; also that which occurs in 
urine in Diabetes melliius. 

(2) Common cane sugar, C"H"0", contained in the juice of the 
sugar cane, beet root, maple, malt sugar, &c. 

Sugars of the latter class, and also those contained in milk, may 
all be altered in character by boiling for a short period with weiA: 
sulphuric or hydrochloric acid. 

These inverted sugars are not identically the same as grape sugar, 
and they each have their peculiar effect upon the copper or mercury 
solutions used for estimating them. Cane sugar in a pure state has 
no reducing action upon the metallic solutions. 

The volumetric method of estimating glucose by Feb ling's 
copper solution has for a long time been thought open to question 
on the score of accuracy, and the extensive and elaborate experi- 
ments of Soxhlet have clearly shown, that only under identical 
conditions of dilution, &c., can concordant results be obtained. 
The high official position of this chemist^ together with the endent 
care shown in his methods, leave no doubt as to the general accuracy 
of his conclusions. His rather sweeping statement, however, that 
the accurate gravimetric estimation of glucose by Fehling'a 
solution is impossible, is strongly controverted by Brown and 
Heron, whose large experience leads them to a different conclusion. 
It is probable, however, that both authorities are right from their 
own points of view, and that Brown and Heron do obtain con- 
cordant results when working in precisely the same way; whereas 
Soxhlet is equally correct in stating that the gravimetric estima- 
tion, as usually performed under varying conditions, is open to 
serious errors. 

The Solution of Sugar. — For all the processes of titration this 
must be so diluted as to contain | or at most 1 per cent of sugar ; 
if on trial it is found to be stronger than this, it must be further 
diluted with a measured quantity of distilled water. 

If the sugar solution to be examined is of dark colour, or likely 
to contain extractive matters which might interfere with the 
distinct ending of the reaction, it is advisable to heat a measured 
quantity to boiling, and add a few drops of milk of lime, allow the 
precipitate to settle, then filter through animal charcoal, and dilute 
with the washings to a definite volume. In some instances basic 
lead acetate may be used to clarify highly coloured or impure 
solution. 
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From thick mucilagmous liquids, or those which contain a large 
proportion of alhuminous or extractive matters, the sugar is best 
extracted by Graham's dialyser. 

The methods may be applied directly to fresh diabetic urine (see 
Analysis of Urine), as also to brewer^s wort or distiller's mash. 
Dextrine does not interfere, except the boiling of the liquid under 
titration is long continued. 

Cane, beet, and maple sugar juice, or prepared sugars, are inyerted 
by heating 30 or 40 c.c. of the claritied liquid in a water bath, 
with 30 or 40 drops of dilute sulphuric or hydrochloric acid 
(1 to 5), for twenty minutes, replacing the evaporated water from 
time to time^ so as not to char the sugar. The acid is then neutral- 
ized with calcic carbonate, and the liquid diluted to 15 or 20 times 
its volume before being titrated. 

Starch and dextrine, or substances containing them, require to be 
heated longer with the acid in order to insure their inversion. To 
invert 1 gm. of starch, it should be mixed with 30 c.c. of cold 
water smoothly, heated gently until thick, 30 drops of dilute acid 
are then added, boiled in a small flask, supported obliquely on a 
sandbath for 8 or 10 hours, replacing the water from time to time ; 
the solution is then neutralized and diluted as before. 

100 parts of grape sugar so found represent 90 parts of starch 
or dextrine. When dextrine is present with grape sugar, care 
must be taken not to boil the mixture too long with the alkaline 
copper solution, as it has been found that a small portion of the 
copper is precipitated by the dextrine (Rumpf and Heinzerling 
Z. a. C. ix. p. 358). 

An inversion of starch may be produced more rapidly, and at 
lower temperature, by using some form of diastase in place of 
sulphuric acid. An infusion of malt is best suited to the purpose, 
but the temperature must not exceed 71° C. (160** Fahr.) The 
digestion may vary from fifteen minutes to as many hours. The 
presence of unchanged starch may be found by occasionally testing 
with iodine. If the digestion is carried beyond half an hour, a 
like quantity of the same malt solution must be digested alone, at 
the same temperature, and for the same time, then titrated for its 
amount of sugar, which is deducted from the total quantity found 
in the mixture. O'Sullivan (/. (7. S. 1872, p. 579) has, how- 
ever, clearly shown that the effect of the so-called diastase is to 
produce a body called maltose, which has only the power of 
reducing the copper solution to the extent of about three-fifths 
that of dextrose or true grape sugar, the rest being probably 
various grades of dextrine. Brown and Heron's experiments 
clearly demonstrate that no dextrose is produced from starch by 
even prolonged treatment with malt extract j the only product is 
maltose. Sulphuric or other similar acids cause complete inversion. 

Sugar of milk (C"H"0") may also be inverted by boiling for a 
short time with dilute sulphuric acid, before being estimated. 
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Preparation of the Standard Bolutiona. 

Fehling'8 Standard Copper Solution, — Crystals of pure cupric 
Sulphate are powdered and pressed between unsized paper to 
remove adhering moisture; 69*28 gnj. J^re weighed, dissolved in 
water, about 1 c.c. of pure sulphuric acid added, and the solution 
diluted to 1 liter. 

Alkaline Tartrate Solution, — 360 gm. of Rochelle salt (sodio- 
potassic tartrate) are dissolved in about 700 c.c. of water, and the 
solution filtered, if not already clear ; there is then added to it a 
clear solution of 100 gra. of caustic soda in about 200 c.c of 
water. The volume is made up to J liter. 

These solutions, when mixed in equal proportions, form the 
original Fehling solution, which should contain in each c.c. 
0*03464 gm. of cupric sulphate, and has hitherto been taken to 
represent 0*005 gm. of pure anhydrous grape sugar, the supposition 
being that 10 equivalents of copper are reduced from the state of 
cupric to cuprous oxide by 1 equivalent of grape sugar. Sox h let, 
however, has with great pains prepared specimens of pure sugars 
of various types which have been used as standards for the verifica- 
tion of these hitherto-received conclusions of Fehling, Neubauer, 
and others, and which show that the ratio of reduction is dependent 
upon various conditions of dilution, duration of experiment, &c., 
hitherto not taken into account ; the results will be given further 
on. The principle of Fehling's method is baaed on the fact 
that although the copper solution, as described above, may bo 
heated to boiling Avithout change, the introduction into it of the 
smallest quantity of grape sugar, at a boiling temperature, at once 
produces a precipitate of cuprous oxide, the amount of reduction 
being in the strict ratio above mentioned. 

Knapp*s Standard Mercuric Cyanide. — 10 gm. of mercuric 
cyanide are dissolved in about 600 c.c. of water; 100 c.c. of 
caustic soda solution (sp. gr. 1*145) are added, and the liquid 
diluted to 1 liter. 

This solution, if well preserved, will hold its strength unaltered 
for a long period. 

Sachsse^s Standard Mercuric Iodide. — 18 gm. of pure dry 
mercuric iodide and 25 gm. of potassic iodide are dissolved in 
water, and to the liquid is added a solution of 80 gm. of caustic 
potash ; the mixture is finally diluted to 1 liter. 

These solutions are very nearly, but not quite, the same in 
mercurial strength, Knapp's containing 7*9365 gm. Hg in the 
liter, Sachsse's 7*9295 gm. 100 c.c. of the former are equal to 
100*1 C.C. of the latter. 
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Indicator for the Mereitrial Solutions. — ^In the case of Fehling's 
solution, the absence of blue colour acts as a sufficient indicator, 
but with mercury solutions the end of reaction must be found by 
an external indicator. The substance best adapted for this purpose 
is a strongly alkaline solution of stannous chloride spotted on a 
porcelain tile. An excess of mercury gives a brown colour. 

The Analyiieal Proceti with Mercmry Solutions : 40 CO. of either are 
pUoed in a poroelam basin or a flask, and heated to boiling. The solution 
of sugar of i per-oent strength is then delivered in until aU the mercury is 
preoipitated, tine theory being in either case that 40 o.c. diould be reduced 
by 01 gm. of dextrose. 

The results of Soxhlet*s experiments show that this estimate 
is entirely wrong; neverthelessy it does not follow that these 
mercurial solutions are useless. It is found that, using them by 
comparison with Fehling's solution, it is possible to define to 
some extent the nature of mixed sugars, on the principle of indirect 
analysis. 

The Analytical Process with Fehling's Solution, — As hitherto 
carried out the method is as follows : — 

5 C.C. each of standard copper and alkaline tartrate solutions are 
measured ifito a thin white porcelain basin, 40 c.c. of water added, 
and the basin quickly heated to boiling on a sandbath or by a 
small flame. No reduction or change of colour should occur in the 
course of a minute or so. The | or 1-per cent, sugar solution is 
then delivered in from a burette* in small quantities at a time, 
with subsequent boiling, until the blue colour of the copper solution 
is just discharged, a point which is readily detected by inclining 
the basin, so that the colour of the clear supernatant fluid may be 
observed against the white sides of the basin. Some operators use 
a small thin boiling flask instead of the basin. 

It is almost impossible to hit the exact point of reduction in the 
first titration, but it affords a very good guide for a more rapid and 
exact addition of the sugar solution in a second trial, when the 
sugar may be added with more boldness, and the time of exposure 
of the copper solution to the air lessened, which is a matter of 
some importance, since prolonged boiling has undoubtedly a 
prejudicial effect on the accuracy of the process. 

When the exact point of reduction is obtained, it is assumed 
that the volume of sugar solution used represents 0*05 gm. of grape 
sugar or dextrose, or that 1 equivalent of dextrose (si 80) exacUy 
reduces 10 equivalents of cupric oxide (s= 397). 

With this assumption, however, Soxhlet does not agree, but 
Tni|i>tr^iT^a from the results of his experiments on carefully prepared 
standard sugars, that the accuracy of the reaction is interfered with 

* The inatrument should be arransed as described on page 12. 

S 
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by varying concentration of the solutions, duration of the experiment, 
and the character of the sugar. 

The critical experiments of Soxhlet* were both volumetric 
and gravimetric, and may be summarized as follows : — 

The reducing power of a sugar was volumetrically determined in 
the following manner : — ^Varying quantities of the copper solution 
were heated to boiling in a dish, equal volumes of the alkaline 
tartrate solution being previously added. Then 50 c.c. or 100 c.c. 
of the 1 per-cent or J per-cent. sugar solutions respectively were 
added, and the whole was boiled for two, four, or six minutes, 
according to the variety of the sugar. The contents of the dish 
are then thrown on a filter, the filtrate is acidified with acetic acid, 
and potassic fenocyanide at once added to ascertain the presence of 
copper. This process is repeated until two quantities of the copper 
solution, differing from each other by ^V <^*<^*> &^^ ^^^ ^^® ^ filtrate 
containing copper, the other a filtrate free firom copper. The mean 
of these two r^ings is taken as the result. 

The gravimetric method of determining the copper reduced by 
the sugars acting on Fehling's or Lowe's solution (hydrated 
cupric oxide dissolved in an alkaline solution of glycerine) is to 
boil a measured quantity of the sugar solution with an excess of the . 
Fehling's or Lowe's solution, and then to filter by means of 
gentle suction, through a weighed tube filled with asbestos ; wash 
with hot water, then with absolute alcohol, and finally ether. On 
passing hydrogen through the heated tube, the cuprous oxide is 
reduced to the metallic state in two or three minutes, and then 
weighed. The following are the chief results : — 

Dextrose. — 0-6 gram in 1 per-cent. solution reduces 105-2 c.c. 
Fehling (undiluted), or lOM c.c. Fehling (diluted with 4 
volumes of water). 

Ratio of reduction, 1 : 10-52—1 : 10*11. 

Invert Sugar {i.e. equal molecules of dextrose and levulose 
obtained by the action of acids on cane-sugar). — 0-5 gmm in 1 per- 
cent solution reduces 101-2 c.c. Fehling (undiluted), or 97*0 c.c 
Fehling (diluted with 4 volumes of water). 

Eatio of reduction, 1 : 1012—1 : 9-7. 

In the case of dextrose and invert sugar, dilution of the solution 
lowers, excess of copper raises, the reducing power. 

Milk Sugar. — 0-5 gram in 1 per-cent. solution reduces 74 cc. 
Fehling. 

Eatio of reduction, 1 : 7*4. 

Dilution has no noteworthy influence on the reducing power. 

* A very admirable and complete r^mW of Soxhlet's results is ffiven in a paper 
read before tbo School of Pharmacy Students' AseooiAtion by C. H. Hutchinson. FjOS. 
(PJuiirm. Joitm. F«bi 1881, p. 7S0). ' 
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Excess of copper raises it, but to a much slighter extent than with 
dextrose or invert sugar. 

Galactose, — 0-6 gram in 1 per-cent. solution reduces 98 c.c. 
Feb ling (undiluted), or 94 cc. Fehling (diluted with 4 volumes 
of water). 

Eatio of reduction^ 1 : 9-8 — 1 : 94. 

Dilution lessens the reducing power to the same extent as with 
dextrose and invert sugar. Excess of copper raises the reducing 
power, but to^somewhat slighter extent than with dextrose and 
invert sugar. 

Levulose (calculated from the results with dextrose and invert 
sugar). — 0*5 gram in 1 per-cent. solution, reduces 97*2 cc. Fehling 
(undiluted), or 93 c.c. Fehling (diluted with 4 volumes of water). 

Ratio of dilution, 1 : 9-72—1 : 9-3. 

Dilution and excess of copper act respectively as with dextrose 
and invert sugar. The reducing power of levulose is probably 
equal to that of galactose. 

Inverted Milk Sugar (made by heating ordinary milk sugar with 
acids). — ^Reducing power equal to that of invert sugar. 

Maltose, — 0-5 gram in 1 per-cent. solution reduces 64*2 c.c. 
Fehling (undiluted), or 67*5 c.c. Fehling (diluted with 4 
volumes of water). 

Eatio of reduction, 1 : 609—1 : 6-41. 

Dilution raises the reducing power. Excess of copper has no 
effect with undiluted Fehling, but in highly dilute solutions raises 
the reducing power to a slight extent. 

With the exception of the determination of sugar in diabetic 
urine (where, owing to the constant formation of ammonia, some of 
the cuprous oxide is dissolved and passes through the filter, and 
consequently the end of the reaction must be decided, as usual, by 
the disappearance of the blue colour), the following plan is adopted 
for the estimation of the various sugars. The approximate strength 
of the sugar solution is first determined in the usual manner, by 
the disappearance of the blue, operating on 25 c.c. Fehling. The 
sugar solution is now diluted so as to contain 1 per cent, of the 
sugar, and the determination is proceeded with as described above, 
operating on 50 c.c. Fehling, undiluted with water. 

In the case of highly coloured fluids, the indication with potassio 
ferrocyanide is difficult to recognize, the reaction with sulphuretted 
hydrogen giving still worse results. In such cases the following 
device is adopted : — ^The filtrate is boiled with a few drops of the 
sugar solution in a beaker, allowed to settle, and then poured off; 
on wiping the bottom and sides of the beaker with a piece of white 
filter-paper, it will be coloured red if any copper still remain in 
the solution. 
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The remarks which Soxhlet appends to these experiments are 
thus classified : — 

(1) The reducing power of inverted sugar, for alkaline copper 
solution, is importantly influenced hy the concentration of the 
solutions : a smaller quantity of sugar being required to decompose 
Fehling's solution in the undiluted state than when it is diluted 
with 1, 2, 3, or 4 volumes of water. It is immaterial whether the 
sugar solution he added to the cold or boiling copper re^igent 

(2) If inverted sugar acts on a larger quantity of copper solution 
than it is just able to reduce, its reducing power will be increased, 
the increment varying according to the amount of copper in excess 
and the concentration of the cupric liquid ; in the previous experi- 
ments the equivalents varied from 1 : 9*7 to 1 : 12 '6, these numbers 
being by no means the limit of possible variation. 

(3) In a volumetric estimation of inverted sugar by means of 
Fehling's solution, the amount of copper reduced by each 
successive addition of sugar solution is a decreasing quantity ; the 
results obtained are therefore perfectly empirical, and are only true 
of that particular set of conditions. 

(4) The statement that 1 equivalent of inverted sugar reduces 
10 equivalents of cupric oxide is not true, the hypothesis that 0*5 gut 
inverted sugar reduces 100 c.c. of Fehling's solution being shown 
to be incorrect ; the real amount under the conditions laid down by 
Fehling (1 volume of alkaline copper solution, 4 volumes of water, 
sugar solution } — 1 per^cent.) being 97 cc, the results obtained 
under this hypothesis are, therefore, 3 per cent too low. Where, 
however, the above conditions have been fulfilled, the results 
although not absolutely, are relatively correct; not so, however, 
those obtained by gravimetric processes, since the interference of 
concentration and excess has not been previously recognized. 

The behaviour of the sugars with alkaline mercury solutions was 
tested both with Knapp's solution (alkaline mercuric cyanide) 
and Sachsse's solution (alkaline mercuric iodide in potassic 
iodide). 

It was found that different results are obtained from Knapp's 
solutions, according as the sugar solution is added gradually, or all 
at once ; when gradually added more sugar being required ; with 
Sachsse's, however, the reverse is the case. 

To get comparable results the sugar must be added all at once, 
the solution boiled for two or three minutes, and the liquid tested 
for mercury, always using the same indicator ; in using the alkaline 
tin solution as indicator, 0*200 — 0*202 gram of grape sugar were 
always requii'ed for 100 c.c. Knapp, in a large number of experi- 
ments. It is remarkable that these two solutions, although 
containing almost exactly the same amount of mercury, require 
very different quantities of sugar to reduce equal volumes of them. 
This is shown to be due, to a great extent, to the different amounts 
of alkali present in them. 
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The amounts of mercury solutions which 1 gram of sugar in 
1 per-cent solution reduces are : — 

Grape sugar 497'5 cc (Knapp), 3025 cc. (Sachsse). 

Invert sugar 502-5 „ 376-0 „ 

Levulose 508-5 „ 449-5 „ 

Milk sugar 322-5 „ 214-5 

Galactose 4130 „ 226-0 „ 

Inverted milk sugar 448-0 „ 258-0 „ 

Maltose 317-5 „ 197-6 

The various sugars have different reducing powers for the alkaline 
mercury solutions, and there is no definite relation between the 
amount of Knapp's and Sachsse's solutions required by them; 
the amount of Sachsse's solution, to which 100 cc. Knapp's 
correspond, varying from 54*7 cc. in the case of galactose, to 
74*8 cc. in the case of invert sugar. 

Taking the reducing power of grape sugars 100, the reducing 
powers of the other sugars are : — 

FehliDff (nndiluted). 

Grape sugar 100 

Invert sugar 96-2 

Levulose (calculated) ... 92*4 

Milk sugar 70*3 

Galactose 9S-2 

Inverted milk sugar ... 96*2 

Maltose 61-0 

The two mercury methods have no advantage in point of accuracy 
or convenience over Feh ling's method, the latter having the 
preference on account of the great certainty of the point at which 
the reduction is finished. 

The mercury methods are, however, of great importance, both 
for the identification of a sugar and for the estimation of two sugars 
in presence of each other, as proposed by Sachsse. For instance, 
in the estimation of grape and invert sugars in presence of each 
other, there are the two equations : ox -f 6y = F, cjc + rfy = S. 

Where— 

a =s number of 1 cc Fehling, reduced by 1 gm. grape sugar. 
6 = „ „ „ „ invert sugar, 

c = „ Sachsse „ „ grape sugar, 

el = „ „ „ „ invert sugar. 

F = „ Fehling, used for 1 voL sugar solution. 

S ^ „ Sachsse „ „ „ 

z s= amount of grape sugar in gms. in 1 vol. of the solution, 
y = „ invert sugar „ „ „ 
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It need hardly be mentioned that the above, like all other indirect 
methods, leaves room for increased accuracy ; but nevertheless the 
combination of a mercury method with a copper method in the 
determination of a sugar whose nature is not exactly known, gives 
a more serviceable result than the hitherto adopted plan, by which 
a solution that reduced 10 c.c Fehling was said to contain 0*05 gm. 
of sugar {J. C. S. Abstracts, 1880, p. 768). 



Pavy'8 modified Fehllnsr Prooess. 

This method consists in adding ammonia to the ordinary 
Fehling solution, by which means the precipitation of cuprous 
oxide is entirely prevented, the end of the reaction being shown by 
the disappearance of the blue colour in a perfectly clear solution 
{a 2V. xxxix. p. 77). 

The original solution recommended by Pavy as equivalent in 
action to the usual Fehling test is made by taking 120 c.c. of 
Fehling solution, 300 c.a of ammonia (sp. gr. 0-88), and diluting 
to 1 liter. 10. c.c. =1 c.c. Fehling, the reduction ratio being 
1 to 6 instead of 1 to 5, as has been luthcrto accepted in the case of 
Fehling. 

The experiments of Hehner (C. N. xxxix. p. 197) and 
Yoshida ((7. N. xliiL p. 29), as also my own, show that the ratio 
of reduction is seriously influenced by the amount of fixed caustic 
alkali in the solution and by the strength of the ammonia, con- 
sequently the result can only be depended on when the solution is 
standardized under precisely the same conditions as are adopted in 
the actual analysis. 

The variations with sugars, other than dextrose, appear to be even 
greater than occur in the usual Fehling process. 

In order to avoid the nuisance of filling the laboratory with 
strong ammoniacal vapours, the titration should be made in a small 
boiling flask, through the cork of which the elongated end of the 
burette is passed. A small escape tube is also passed through the 
same cork, leading into a vessel containing water or weak acid, in 
order to condense the ammonia. 

The method is best adapted for the examination of diabetic 
urine, and in this case the solution should consist of 120 c.c. of 
Fehling and 120 gm. of sodic hydrate, with 300 c.c. of ammonia 
(0"88) dSuted to 1 liter, when it will be found that the reaction will 
agree with the usual Fehling solution diluted ten times. 
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SULPUUB. 

8 = 32. 

Estimation in Pyrites, Ores, BesiduBS, Ao. 
1. ▲Ikalimetrio method (Polouie). 

§ 72. This piocess, whicli was more especially designed for the 
rapid estimation of solphui' in iron and copper pyrites, has hitherto 
heen thought tolerably accurate, but experience has shown that it 
cannot be relied upon except for rough technical purposes. 

The principle of the process is based on the fact, that when 
sulphur is ignited with potassic chlorate and sodic carbonate^ the 
sulphur is converted by oxidation entirely into sulphuric acid, 
which expels its equivalent proportion of carbonic acid from the 
soda, forming neutral sodic sulphate; if, therefore, an accurately 
weighed quantity of the substuice be fused with a known weight 
of pure sodic carbonate in excess, and the resulting mass titrated 
with normal acid, to find the quantity of unaltered carbonate, the 
proportion of sulphur is readily ciftleulated from the difference 
between the volume of normal acid required to saturate the original 
carbonate, and that actually required after the ignition. 

For the sake of avoiding calculation, it is advisable to take 
1 gm. of the finely levigated pyrites, and 5 '3 gm. of pure sodic 
carbonate for each assay; and as 5*3 gm. of sodic carbonate 
represent 100 c.c. of normal sulphuric acid ( = 4-0 gm. SO'), it 
is only necessary to subtract the number of c.c. used after the 
ignition from 100, and multiply the remainder by the factor 0*016 
(1 C.C of normal acid being equal to 0*016 gm. of 8), in order to 
arrive at the weight of sulphur in the 1 gm. of pyrites, and by 
moving the decimal point two places to the right, the per-centage 
of that substance is obtained. 

Sxample : Some cubes of iron pyrites were broken, and a small portion 
very finely powdered in a hardened steel mortar. 

1 gm. of the powder was mixed inHmaieh with 6'8 gm. of pore sodio 
carbonate, and aboat 7 gm. each of potosBio ohlorate, and decropitated sodio 
ohloride, in powder (the latter is added for the purpose of moderatiDg the 
action): the whole was then introduced into a platinum oruoible, and 
gradually exposed to a dull red heat for ten minutes ; the crucible was then 
suffered to cool somewhat, and warm distilled water added ; the solution so 
obtained was drawn off with a pipette and brought on a moistened filter, the 
prooses reneated five or six times, the residue then emptied into a beaker and 
boiled witn a larse quantitjy of water, the whole brought on the filter, and 
thoroughly washea with boiling water till all soluble matter was removed: 
the clear filtrate was then coloured with litmus, and titrated. 67 o.o. of normal 
acid were required, which deducted from 100, left 88 o.o.; this multiplied 
by 0*016 gave 0*528 gnu or 62*8 per cent, of sulphur. Pure PeS* oontains 
68*8 per oent. 
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If pure sodic carbonate is not at hand, the ordinary commercial 
article will answer the purpose, but the quantity of normal acid 
necessary to saturate it must of course be previously found. An 
iron spoon or ladle may also be used instead of the platinum 
crucible. 

If roasted pyrites are to be examined by this method, it is 
unnecessary to add the salt, and equal quantities of the substance, 
sodic carbonate and potassic chlorate, may be taken for the com- 
bustion. 

Kolb (Joum. de Pharm. et Chim, [4] x. p. 401) has experimented 
very fully upon Pelouze's process, as described above, and found 
the sources of error to be various — formation of ferric sulphate, 
loss of chlorine, sulphur chloride, &c. The process recommended 
in its place, and which is not open to the objection existing in the 
Pelouze method, consists in mixing sodic carbonate and cupric 
oxide with the finely powdered ore and igniting the mixture in an 
iron, copper, or platinum vessel to a low red heat for about fifteen 
minutes ; the whole of the sulphur is oxidized to sulphuric acid, 
and combines quietly with the soda ; the remaining unchanged sodic 
carbonate is then estimated by titration as usual The method 
seems particularly applicable to roasted pyrites, the details being as 
foUows : — 

From 5 to 10 gm. of the ore, according to its richness in sulphur 
(if more than 10 per cent. 5 gm., less than 10 per cent. 10 gm.), are 
weighed and intimately mixed with 5 gm. of sodic carbonate, and 
about 50 gm. of dry cupric oxide, placed in the crucible^ and heated 
over a small gas-flame with frequent stirring for twelve or fifteen 
minutes, the heat never exceeding a low red ; the crucible is then 
cooled, the contents treated with hot water, filtered, and the filtrate 
and washings titrated with normal acid as usual. 



2. By Oxidation and tubtequeut Titration with Standard 
Baric Chloride. 

The estimation of sulphur by barium, more especially in the case 
of iron pyrites, has repeatedly been investigated by Fresenius, 
Lunge, Teschemacher, Smithy Holland, &c., the results 
of whidi show that owing to the tendency which baric sulphate 
has to contaminate itself with other matters when precipitated 
from mixed solutions, and the varying solubility of the precipitate 
in acid solutions, when the gravimetric method is adopted, leculs to 
very discordant effects, so that no two operators are able to agree 
exactly as to the per-centage of sulphur in any given sample of 
pyrites. 

The experiments carried out by Teschemacher and Smith 
(C. N. xxiv. p. 61 — 66) especially show, that the composition of the 
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precipitate varies with the nature and amount of other substances 
present, and that its solubility in excess of hydrochloric acid is 
much greater than is usually thought possible. Further, that the 
method of purification of the sulphate by fusion, or treatment with 
re-agents, is worse than all. From my own experience of sulphur 
estimations with barium by weight, carried on for years in gas 
testing, and the valuation of ores for sulphuric acid manufacture, I 
am quite willing to endorse the words of the experimenters, ^< that 
the estimation of sulphur and sulphuric acid by the weight of baric 
sulphate obtained is, and can be, correct only by accident, and when 
the adherent impurity happens exactly to counterbalance the baric 
sulphate diBSolyed." 

Fresenius {Z, a. C. xvi. p. 339, xix. p. 53) and Lunge 
(Z. a. C. xix. p. 419), however, have both shown that with special 
precautions, the estimation of sulphui> in pyrites by weight can be 
made very fairly exact, say to within 0*3 per cent., and this may be 
taken as within the limit of experimental error. 

Fresenius' newest process is one of dry fusion, but» as Lunge 
rightly points out, this is scarcely the method best available for the 
vitriol maker, since the total sulphur including such as is combined 
with lead, calcium, or baryta, occurring in the ore is reckoned as 
being combined with iron ; whereas, when pyrites are treated with 
acids in the wet way, a portion at least of these useless matters is 
left undissolved. This is shown to be the case with direct experi- 
ments, consequently the decomposition of the ore by aqfia regia is 
strongly advocated by Lunge, unless a complete analysis for 
scientific purposes is required. Both authorities agree, that in all 
cases the absence of nitric acid is imperative, as also a laige excess 
of hydrochloric acid. 

Lunge's experiments seem to point out that Teschemacher 
and Smith have based their volumetric method upon the right 
foimdation; namely, the use of a standard barium solution based on 
an exact weight of ferrous sulphate. The constant occurrence of 
large proportions of iron in sulphur ores renders the process of 
standardizing the barium solution consistent with that which occurs 
in actual practice. 

The conditions insisted upon by Teschemacher and Smith 
are as follows : — 

The use of a standard solution of baric chloride by weight. 

The complete oxidation of the sulphur, and subsequent expulsion 
of all the nitric acid. 

The absence of a large excess of hydrochloric acid. 

The use of moderate quantities of solutions. 

The use of considerable weights of pyrites in testing, thus 
avoiding the extreme of multiplication of any analytical error in the 
per-centage return. 

Grain weights are used in the examples given, but operators 
can of course easily adopt correspondiug weights in grams, if 
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desired. With respect to the use of a standard solution of baric 
chloride by weight, the only advantage gained by it is that the 
operation is independent of temperature. By working at ordinary 
temperatures with graduated instruments of known correctness, 
and in exact correspondence with each other, there cannot be much 
scope for error, and therefore it matters little which course is 
adopted, but a considerable saying of time and trouble is gained by 
using the burette instead of the balance. 

(a) Standccrd Solution of Baric Chloride, — The best substance 
for fixing the strength of the solution of baric chloride was found 
to be ferrous sulphate, pure light green crystals of which are 
crushed to the size of hemp-seed, freed from any powder by 
sifting, then washed repeatedly with small quantities of spirit of 
wine (methylated spirit may be used), finally air-dried on bibulous 
paper, and preserved in weU-closed bottles. 

108*6 grains of this salt are equal to 12*5 grains of sulphur (= 
91*02 grams of baric sulphate), and it possesses the advantage of 
yielding the same kind of solution as actually occurs in the analysis 
of pyrites. 

For convenience of calculation the baric solution is adjusted so 
that exactly 1000 grains by weight shall represent 25 grains of 
sulphur. The usual Spanish or Norwegian pyrites contain on the 
average 47 to 50 per cent, of sulphur ; hence, if 25 grains of the 
sample be taken for analysis, it will require between 470 and 
500 graius of standard solution to precipitate all the sulphuric acid 
produced by the oxidation of the ore. The solution of baric 
chloride is made by dissolving the pure crystals in distilled water, 
to which a small proportion of hydrocUoric acid is added, to 
prevent the formation of baric carbonate, which is apt to occur in 
a neutral solution if kept for any length of time. 

(6) Standard Solution of Sulphuric Acid, — This solution is 
made to correspond volume for volume with the baric solution. 

The actual working power of the baric solution may be found 
by taking 1000 grains of it, heating to near boiling, and adding 
it to a boiling solution of dilute sulphuric acid in moderate excess. 
The precipitate of baric sulphate so obtained is collected on a filter 
as usual, and after ignition yields mere traces of chlorine when 
treated with water ; the process must not, however, be reversed, 
otherwise an impure precipitate occurs. The final trial ia best 
made with ferrous sulphate, 108*6 grains (=12*5 gm. S) of which 
are dissolved in about 1000 grains (=100 dm.) of water slightly 
acidulated with hydrochloric acid, and heated nearly to boiling ; 
to this is added 490 to 495 grains of the baric solution, also hot, 
stirring lyell, and finally boiling rapidly in a platinum or porcelain 
basin. A small portion is then filtered, and the standard baric 
solution added drop by drop to the filtrate^ which must be returned 
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to the test liquor, and boiled at each testing until a filtrate is 
obtained, which, after standing, just gives a cloud with both baric 
chloride and sulphuric acid solutions. 

8ince some trouble and time are required to fix the exact value 
of the standard baric solution, it is advisable to prepare some 
quantity at a time, and to preserve it in a cool place, in separate 
well-stoppered bottles. 

I%e Analytical Procesi tnth Pyritei t The sainple is first carefully 
selected, powdered, and thoroughly mixed, then in small quantify brought to 
an im^pable powder by grinding in an sn^te mortar. 200 grains are taken 
and dned at 100*" C, alter whioh about 30 grains are weighed and placed in 
a flask of about 20 ozs. capacity. The ore is then oxidized with 800 grains 
weight of aqna regia, to which 200 grains of hydrochloric acid are added. 
When the energetic action ceases the whole is evaporated jtut to dryness, a 
point which demands care and watchfulness to hit. 100 grains more hydro- 
chloric acid are then added to the flask to redissolye the contents. If any 
unoxidized sulphur can be percelVed by the eye after treatment with HCl, 
the test must be rejected, and another oxidation commenced with 25 grains of 
more finely powdered ore. 

A small flask holding some 1000 grains of standard solution, with dropping 
tube, is now counterpoised, and so much of the solution transferred to a 
porcelain basin as practice shows may be looked for as nearly equivalent to 
the strength of pyrites in sulphur. The contents of the basin are next heated 
nearly to boiling, and poured into the test solution of the pyrites ; then the 
whole is returned to the basin from the flask, and the latter washed out with 
a small quantity of water. The liquid is then boiled rapidljr, and a small 
dunped filter being in readiness, a little of the mixed solution is filtered, and 
a portion of the filtrate added to about 8 or 4 gm. of standard barium solution 
placed from the counterpoised flask in a test-glass. Should a further pre- 
cipitate be produced, tiiis tested solution is to be returned to the basin with 
the rest of the filtrate, and so much more solution of barium added as may 
be judged requisite. This is a^n boiled and filtered, using the same filter, 
andte^ed as before, this operation being repeated until a precipitate ceases to 
appear with the barium solution, when the weight of the solution employed 
is taken and noted. It frequently happens that when the operation is 
complete, both barium and dilute sulphuric acid show a cloudiness in the 
filtrate after ^e lapse of a few minutes. When this is the case, the precipi- 
tation has been sucoessfullv conducted. 

The Beale's filter, and the mirror for ascertaining the end of the pre- 
cipitation, may be used with great advantage here (see § 73.8). 

It is stated that by the method above described the amount of 
sulphur in pyrites may be determined with accuracy and certainty 
to ^ per cent., and that in execution it wiU be found moro simple 
and expeditious than the old gravimetric method. 

I have obtained very good results, but not so satisfactory as this. 
My variations, however, are only a trifle over 0*5 per cent. 



8. Estimation of Sulphur in Goal Gas. 

A most convenient and accurate process for this estimation is 
that of Wildenstein (§ 73.2). The liquid produced by burning 
the measured gas in a Letheby or Vernon Harcourt apparatus 
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is well mixed, and biougfat to a definite volume ; a portion repre- 
senting a known number of cubic feet of gas is then poured into a 
glass, porcelain, or platinum basin, acidi&ed slightly with HCl, 
heated to boiling, and a measured excess of standard baric chloride 
added; the excess of acid is then cautiously neutralized with 
ammonia (free from carbonate), and the excess of barium ascer- 
tained by standard potassic chromate exactly as described in 
§ 73.2. 

The usual method of stating results is in grains of sulphur per 
100 cubic feet of gas. This may be done very readily by using 
semi-normal solutions of baric chloride and potassic chromate on 
the metric system, and multiplying the number of cc of baric 
solution required with the fitctor 0*1234, which at once gives the 
amount of sulphur in English grains. 

Standard solutions can of course be made in the same manner on 
the grain system. 



4. Estimation of Alkaline Bnlphidea by Standard Zino Solution. 

This method, which is simply a counterpart of § 78.3, is 
especially applicable for the technical determination of alkidine 
sulphides in impure alkalies, mother-liquors. Sec 

If the zinc solution be made by dissolving 3*253 gm. of pure 
metallic zinc in hydrochloric acid, supersaturating with ammonia, 
and diluting to I liter, or 32*53 gm. to 1000 dm., 1 cc. or dm. will 
respectively indicate — 

00016 gm. or 0*016 gm. Sulphur 
0-0039 „ 0*039 „ Sodic sulphide 
0*00551 „ 0*0651 „ Potassic sulphide 
0*0034 „ 0*034 „ Ammonic sulphide. 

The zinc solution is added from a burette until a drop, brought 
in contact with the lead solution on filtering paper, no longer 
gives a black stain at the edge. 



6. Sulphuroua Aoid and Sulphites. 

Solutions of sulphurous acid are very readily titrated by iodine, 
as described in § 35, but it is necessary to remember that in order 
to secure the proper reaction as defined by Bunsen, the solution 
must not contain more than 0*05 per cent of sulphur dioxide. 
Mohr, however, has found that the difficulty as to concentration 
is overcome by the use of ammonic, potassic, or sodic bicarbonate 
(see § 35, note), which have no effect on starch iodide. 

1 cc. fc iodine = 0*0032 gm. SO'. 
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6. Indireot Bstimation of Hyposulphites (Thiosnlphates) and 
Sulphites. 

In a mixture of hyposulphites (thiosulphates) and sulphites, as 
in the intennediate and iinal products in the manufacture of soda- 
ash and caustic soda, Grossman has employed with great advan- 
tage the following method of analysis ((7. N. xxxvii. p. 224) : — 

(a) In the absence of Sulphates. — One portion of the solution 
is acidulated with acetic acid and titrated with iodine in the usual 
manner, and anotjier portion is oxidized with chlorine or bromine, 
and the amoont of sodic sulphate so formed is ascertained. The 
results thus obtained give the necessary data for the calculation of 
the amount of thiosulphate and sulphite respectively. 

Let a^ = grams of iodine corresponding to iN'a'S'O' per cent, 
y^ = „ . „ Na'SO^ „ 

A = „ used in titration per unit 

B == „ Na*SO* per unit after complete oxida- 

tion. 

Then x* + 2/* = A. 

2Na'S0* Na«ffl(y , Na'SO* Na'SO* , _ ^ 

The result in grams of Na'S'O* is obtained by multiplying a^ by 

_y— , whence ^^~^^^^^ • B ^^ . A = 0-741784 B- 

0-414698 A. 

Also the amount of 2?^a'S0* by multiplying y^ by —-^ — , whence 

21 

y = ?^^^ . A - ^^ . B = 0-661417 A - 0-295776 B. 

(b) In the presence of Sulphates, — The amount of sulphate is 
determined by precipitating with baric chloride in a hydrochloric 
acid solution, after concentration in an atmosphere of carbon di- 
oxide, and the Na'SO thus found subtracted from the total l^a^O* 
by oxidation = B. 

Before applying this knethod, sulphides must be separated by 
cadmium carbonate. 
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SULPHT7BIC ACID AND SXTLPHATBS. 

Monohydrated Sulphuric Add. 
H»SO*=98. 

Sulphuilc Anhydride. 
SO'=80. 

1. Kohr'8 Kethod. 

§ 73. The indirect process devised by C. Mohr (Ann, der 
Chem. u, Pharm. xc. p. 165) depends upon the same method of 
determination as has already been described for the alkaline garths ; 
that is to say, a known volume of baryta solution is added to the 
compound, more than sufficient to precipitate the sulphuric acid. 
The excess of baryta is converted into carbonate, and titrated with 
normal acid and alkali, as described in $ 17. 

It is best to use a normal solution of baric chloride as the pre- 
cipitant, which is made by dissolving 121 "77 gm. of pure chloride 
in the liter ; this solution likewise suffices for the determination of 
sulphuric acid by the direct method. 

The following is the method of procedure. 

If the substance contains a considerable quantity of free acid, it 
must be brought near to neutrality by pure sodic carbonate; if 
alkaline, it must be slightly acidified with hydrochloric acid ; a round 
number of c.c. of baryta solution is then added, and the whole 
digested in a warm place for some minutes ; the excess of baryta 
is precipitated by a mixture of carbonate and caustic ammonia in 
slight excess ; if a little piece of litmus paper be thrown into the 
mixture, a great excess can readily be avoided. The precipitate 
containing both sulphate and carbonate is now to be collected on a 
filter, thoroughly washed with boiling water, and titrated as in § 17. 

The difference between the number of c.c. of baryta solution 
added, and that of normal acid required for the carbonate, will bo 
the measure of the sulphuric acid present ; each c.c. of baryta solu- 
tion is equal to 0*040 gm. SO*. 

Example: 2 gm. of pure and dry boric nitrate, and 1 gm. of pure potassic 
sulphate were diasolyed, mixed, and precipitated hot with carbonate and 
caustio ammonia; the precipitate, after being thoroughly washed, gave 
1*002 gm. potassic sulphate, instead of 1 gm. 

For technical purposes this process may be considerably shortened 
by the following modification, which dispenses with the washing of 
the precipitate. 

The solution containing the sulphates or sulphuric acid is first 
rendered neutral ; normal baric chloride is then added in excess, 
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then nonnal sodic carbonate in excess of the baric chloride, and the 
volume of both solutions noted ; the liquid is then made up to 200 
or 300 c.c. in a flask, and an aliquot portion filtered off and titrated 
with normal acid. The difference between the baric chloride and 
sodic carbonate gives the sulphuric acid. 

The^ solution must of course contain no substance precipitable by 
sodic carbonate except the baryta (or if so, it must be previously 
removed), nor must it contain any substance precipitable by baryta, 
such as phosphoric or oxalic acid, &c. 

Another alkalimetric process suitable for technical purposes is 
that of Bohlig (§ 29), also Grossmann (§ 16.7). 



8. Titration by Bario Chloride , and FotaMio Ohromate 
(Wildenstein). 

To the hot solution containing the sulphuric acid to be estimated 
(which must be neutral, or if acid, neutralized with caustic ammonia, 
free from carbouate), a standard solution of baric chloride is added 
in slight excess, then a solution of potassic chromate of known 
stren^h is cautiously added to precipitate the excess of barium. So 
long as any barium remains in excess^ the supernatant liquid is 
colourless, when it is all precipitated the liquid is yellow, from the 
free chromate; a few drops only of the chromate solution are 
necessary to produce a distinct colour. 

Wildenstein uses a baric solution, of which 1 c.c.=0*015 
gm. of SO', and pOtassic chromate 1 c.c. =0-010 gm. of SO*. I 
prefer to use seminormal solutions, so that 1 c.c. of each is equal 
to 0*020 gm. of SO'. If the chromate solution is made to possess 
the same chemical power as that of the baric chloride, the operator 
has simply to deduct the one from the other in analysis, in order to 
obtain the quantity of baric solution really required to precipitate 
all the sulphuric anhydride. 

Th0 AndUftieal Proee$$ : The gubstanoe or solution oontaining sulphuric 
acid 18 brought into a small wide-mouthed flMk, diluted to about 60 o.o., 
acidified if neceasary with bydroohloric acid, heated to boiliog, and precipitated 
with a slight ezoess of standard baric chloride delivered from the burette. As 
the precipitate rapidly settles from a boiling solution, it is easy to avoid any 
great excess of barium, which would prevent the liquid from clearing so 
speedily. The mixture is then cautiously neutralised with ammonia free from 
carbonic acid (to be certain of this, it is well to add to it two or three drops 
of caldo chloride or acetate solution). 

The flask is then put over the lamp again, heated to boiling, and the 
ohromate solution added in | o.o. or so, each time removing the flask from 
the lamp and allowing to settle, until the supernatant liquid is of a light 
yellow colour ; the quantity of ohromate is then deducted from the barium 
solution, and the remainder calculated for SO'. 

Or the mixture with barium in excess may be diluted to 100 or 160 c.c, 
the precipitate aUowed to settle thoroughly, and 26 or 60 c.o. of the clear 
liquid taken out, heated to boiling, after neutralising, and precipitated with 
ohromate until all the barium is carried down as banc ohromate, leaving the 
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supernatant liquid of a lieht yellow colour ; if there is any uncertainly in 
the first titration, the analysis may be checked by a second. The process has 
yielded me very satisfactory results in comparison with the barium method 
by weight ; it is peculiarly adapted for estimating sulphur in gas when burnt 
in the I^theby sulphur apparatus, details of which wiU be found on page 267. 

The presence of alkaline and earthy salts is of no consequence — 
zinc and cadmium do not interfere — nickel, cobalt, and copper give 
coloured ammoniacal solutions which prevent the yellow chromate 
being seen, but this difficulty can be overcome by the use of an 
external indicator for the excess of chromate. This indicator is an 
ammoniacal lead solution, made by mixing together, at the time 
required, one volume of pure ammonia and four volumes of lead 
acetate solution (1 : 20) ; the liquid has an opalescent appearanca 
To use the indicator, a large drop is spread upon a white porcelain 
plate, and one or two drops of the liquid under titration added ; 
if the reddish-yellow colour of lead chromate is produced, there is 
an excess of chromate, which can be cautiously reduced by adding 
more barium until the exact balance occurs. 

Precht (Z. a. C. 1879, p. 521) modifies this process by pre- 
cipitating the SO' with excess of standard baric chloride, which 
excess is removed by standard potassic chromate also in excess, 
which latter is in turn estimated by weak standard ferrous sulphate, 
the end of the reaction being found by spotting the liquid on a 
white plate with potassic ferricyanide. 

I can see no advantage in this modification, and in many cases it 
would be totally inadmissible, owing to the presence of substances 
afiecting the ferrous re-agent. 



3. Direct Preoipitation with Normal Barlo Chloride. 

Very good results may be obtained by this method when care- 
fully performed. The substance in solution is to be acidified with 
hydrochloric acid, heated to boiling, and the baric solution allowed 
to flow cautiously in from the burette until no further precipitation 
occurs. The end of the process can only be determined 
by filtering a portion of the liquid, and testing with a 
drop of the baric solution. Beale's filtering tube 
(shown in fig. 38) is a good aid in this case. A piece of 
Swedish filter paper is tied over the lower end, then 
some fine muslin to protect the paper, the tube is dipped 
about half an inch into the liquid, which rises through 
the filter perfectly clear ; a little is to be poured into a 
test tube and a drop of baric solution added from the 
burette ; if a cloudiness occurs, the contents of the tubes 
must be emptied back again, washed out into the liquid, 
and more baric solution added until all the sulphuric 
Fig. 38. ^id is precipitated. It is advisable to use a decinormal 
solution towards the end of the process. 
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Instead of the test tube for finding whether barium or sulphuric 
acid is in excess, a plate of black glass may be used, on which a drop 
of the clear solution is placed and tested by either a drop of baric 
chloride or sodic sulphate, — these testing solutions are preferably 
kept in two small bottles with elongated stoppers. A still better 
plan is to spot the liquids on a small mirror, as suggested by 
Haddock (C. A", xxxix. p. 156) ; the faintest reaction can then be 
seen although the liquid may be highly coloured. 

Wildenstein has arranged another method for 

the direct precipitation by barium, especially useful 

where a constant series of estimations have to be 

made. The apparatus is shown in fig. 39. A is a 

bottle of 900 or 1000 c.c capacity, with the bottom 

removed, and made of well-annealed glass so as to 

stand heating ; £ a thistle funnel bent round, as 

in the figure, and this syphon filter is put into 

action by opening the pinch-cock below the cork. 

The mouth of the funnel is first tied over with a 

piece of fine cotton cloth, then two thicknesses 

of Swedish filter paper, and again with a piece of 

Fig. 89. cotton cloth, the whole being securely tied with 

waxed thread. 

' In precipitating SO* by baric chloride, there occurs a point 

similar to the so-called neutral point in silver assay, when in one 

and the same solution both barium and sulphuric acid after a 

minute or two produce a cloudiness. Owing to this circumstance, 

the barium solution must not be reckoned exactly by its amount 

of Ba CP, but by its working effect ; that is to say, the ending of 

the process must be, that when the addition of a drop or two of 

barium solution gives no cloudiness after the lapse of two minutes. 

The Analytical Process : The solution containing the SO^ being prepared, 
and preferably in hydrochlorio acid solution, the vessel A is filled witii warm 
distilled water, and the pinch-cock opened so as to fill the filter to the bend G ; 
the cook is then opened and shut a few times so as to bring the water further 
down into the tube, but not to fill it entirely ; the water is then emptied out 
of A, and about 400 o.c. of boiling distilled water poured in together with 
the SC solution, then, if necessary, a small quantity of hydrochlorio acid 
added, and the baric chloride added in moderate quantity from a burette. 
After mixing well, and waiting a few minutes, a portion is drawn off into a 
small beaker, and poured back without loss into A ; a small quantity is then 
drawn off into a test tube, and two drops of baric chloride added. So long as 
a precipitate ooours, the liquid is returned to A, and more bario chloride 
added until a test is taken which shows no distinct cloudiness; the few drops 
added to produoe this effect are deducted in the final calculation. If a 
distinct excess has been used, the analysis must be corrected with a solution 
of SO^ corresponding in strength to the barium solution. 

A simpler and even more serviceable arrangement of apparatus 
on the above plan may be made, by using as the boiling and 
precipitating vessel an ordinary beaker standing on wire gauze or 

T 
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hot plate. The fUter is made hy taking a small thistle funnel, tied 
over as described, with aboat two inches of its tube, over which ia 
tightly slipped about four or five inches of elastic tubing, terminating 
with a short piece of glass tube drawn out to a small orifice like a 
pipette ; a small pinch-cock is placed across the elastic tube just 
above the pipette end, so that when hung over the edge of the 
beaker with the funnel below the surface of the liquid, the 
apparatus will act as a syphon. It may readily be filled with warm 
distilled water by gentle suction, then transferred to the liquid 
under titration. By its means much smaller and more concentrated 
liquids may be used for the analysis, and consequently a more 
distinct evidence of the reaction obtained. 



STILPHTIBETTED HYDBOaSK. 

H''S = 34. 

1 CO. ^^ arsenious solution = 0*00255 gm. H'S. 

1. By Arsenioiu Aold (Kohr). 

§ 74 This residual process is far preferable to the direct titration 
of sulphuretted hydrogen by iodine, as devised by Dupasquier. 
The principle is based on the fact, that when sulphuretted hydrogen 
is brought into contact with an excess of arsenious acid in hydro- 
chloric acid solution, arsenic sulphide is formed ; 1 eq. of arsenious 
acid and 3 eq. of sulphui'etted hydrogen produce 1 eq. of arsenic 
sulphide and 3 eq. of water, 

As'O* + 3H'S = As'S» + 3H»0. 

The excess of arsenious acid used is found by ^^ iodine and starch, 
as in § 34. In the case of estimating the stretch of sulphuretted 
hydrogen water, the following plan may be pursued. 

A measured quantity, say 10 c.c, of A arsenious solution is put 
into a 300 c.c. flask, and 20 c.c. of sulphuretted hydrogen water 
added, well mixed, and sufficient hydrochloric acid added to pro- 
duce a distinct acid reaction ; this produces a precipitate of arsenic 
sulphide, and the liquid itself is colourless. The whole is then 
diluted to 300 cc, filtered through a dry filter into a dry vessel, 
100 c.c of the filtrate taken out and neutralized with sodic bicar- 
bonate^ then titrated with ^ iodine and starch, as in § 34 ; the 
quantity of arsenious acid so found is deducted from the original 
10 cc, and the remainder multiplied by the requisite factor for 
sulphuretted hydrogen. 

The estimation of sulphuretted hydrogen contained in coal gas, 
can by this method be made very accurately by leading the gas 
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through the arsenious Bolution, or still better, through a dilute 
solution of caustic alkali, then adding arsenious solution, and 
titrating as before described. The apparatus devised by Mohr for 
this purpose is arranged as follows : — The gas from a common 
burner is led by means of a vulcanized tube into two successive small 
wash bottles, containing the alkaline solution; from the last of 
these it is led into a large Woulf 's bottle filled with water. The 
bottle lias two necks, and a tap at the bottom ; one of the necks 
contains the cork through which the tube carrying the gas is 
passed ; the other, a cork through which a good-sized funnel with a 
tube reaching to the bottom of the ^bottle is passed. When the 
gas begins to bubble through the flask, the tap is opened so as to 
allow ttie water to drop rapidly ; if the pressure of gas is strong, 
the funnel tube acts as a safety valve, and allows the water to rise 
. up into the cup of the funnel. When a sufficient quantity of gas 
has passed into the bottle, say six or eight pints, the water which 
has issued from the tap into some convenient vessel is measured 
into cubic inches or liters, and gives the quantity of gas which has 
displaced it. In order to insure accurate measurement, all parts of 
the apparatus must be tight. 

The flasks are then separated, and into the second 5 c.c. of 
arsenious solution placed, and acidified slightly with hydrocMoric 
acid. If any traces of a precipitate occur it is set aside for titration 
with the contents of the first flask, into which 10 c.c, or so of 
arsenious solution are put, acidified as before, both mixed together, 
diluted to a given measure, filtered, and a measured quantity 
titrated as before described. 



9. By Permanganate (Kohr). 

If a solution of sulphuretted hydrogen is added to a dilute 
solution of ferric sulphate, the ferric salt is reduced to the ferrous 
state, and free sulphur separates. The ferrous salt so produced may 
be measured accurately by permanganate without removing the 
separated sulphur. Ferric sulphate, free from ferrous compounds^ 
in sulphuric acid solution, is placed in a stoppered flask, and the 
solution of sulphuretted hydrogen added to it with a pipette ; the 
mixture is allowed to stand half an hour or so, then diluted con- 
siderably, and permanganate added until the rose colour appears. 

56Fe = 17H«S 

or each c.c. of /^ permanganate represents 0'0017 gm. of H*S. 
The process is considerably hastened by placing the stoppered flask 
containing the acid ferric liquid into hot water previous to tiie 
addition of WS, and excluding air as much as possible. 

T 2 
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3. By Iodine. 

Sulphuretted hydrogen in mineral waters can be accurately 
estimated by iodine in the following manner : — 

10 C.C. or any other necessary volume of j J^ iodine solution are 
measured into a 500 c.c. flask, and the water to be examined added 
until the colour disappears. 5 c.c. of starch liquor are then added, 
and i^Q- iodine until the blue colour appears; the flask is then filled 
to the mark with pure distilled water. The respective volumes of 
iodine and starch solution, together with the added water, deducted 
from the 500 cc, will show the volume of water actually titrated 
by the iodine. A correction should be made for the excess of iodine 
necessary to produce the blue colour. 

Fresenius examine^ the sulphur water of the Grindbrunnen, 
in Frankfurt a. M. (Z. a. C. xiv. p. 321), both volumetrically and 
by weight for H*S with very concordant results. 361*44 gm. of 
water (correction for blue colour being allowed) required 20-14 ac. 
of iodine solution, 20*52 c.c. of which contained 0*02527 of free 
iodine =H*S 0*009194 gm. per million. 444*65 gm. of the same 
water required, under the same conditions, 25*05 c.c. of the same 
iodine solution = H*S 0*009244 gm. per million. By weight the 
H*S was found to be 0*009377 gm. per million. 



TAKNIC AOID. 

§ 75. The estimation of tannin in the various astringent 
materials used in tanning has not been hitherto of the most 
satisfactory character. A great variety of methods have been 
proposed, and eventually given up as practically useless. In the 
previous edition of this book a description of Lowenthal's method 
(originated by Est court) as then perfected was given; but it was still 
deficient in accuracy or constancy of results, because, although it was 
a decided advance upon others, it lacked the power to discriminate 
between a tannin which is of use to the practical tanner and one 
which is not. Happily since that time Lbwenthal has modified 
it, so that it may now be said to be worthy of trust, and much 
more satisfactory than any previous method. 

One difliculty is still unsurmounted, and that is, the preparation 
of a pure tannic acid to serve as standard. The various tannins in 
existence are as yet very imperfectly understood, but so far as the 
comparative analysis of tanning materials among themselves is 
concerned, the method in question leaves very little to be desired. 

The principle of the method depends on the oxidation of the 
tannic acid, together with other glucosides and easily oxidizable 
substances, by permanganate, regulated by the presence of soluble 
indigo-carmine, which also acts as an indicator to the end of the 
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reaction. The total amount of such substances being found and 
expressed by a known volume of permanganate, the actual available 
tannin is then removed by gelatine, and the second titration is 
made upon the solution so obtained in order to find the amount of 
oxidizable matters other than tannin. 

The volume of permanganate so used, deducted from the volume 
used originally, shows the amount of tannin actually available for 
tanning purposes expressed in terms of permanganate. 

It will be at once seen that this method is essentially a practical 
one, because it is only the particular tannin capable of combining 
with oiganic tissue which is estimated. The method has been 
critically examined with approbation by good authorities, among 
whom may be mentioned, Procter ((7. iV^. xxxvi. p. 59, ibid; 
xxxvil p. 256), Kathreiner (Z, a C. xviii. p. 112), (Dingler*s 
PoIyL Jour, cxxviL p. 481), and Hewitt (Tantiei^s Jour, 
May, 1877, p. 93). My own experiments have shown that 
for all materials containing tannin, even catechu, it is the best 
process yet discovered. Lowenthars latest description of the 
method is given in Z, a C. xvi. p. 33. 

The extraction of the tannic acid from the raw material is 
performed as usual by successive boilings with distilled water. In 
the case of strong materials such as sumach or valonia 10 gm., or 
oak-bark 20 gm., are so exhausted, and the liquid diluted to 1 liter. 

The quantity of this extract to be used for titration must be 
regulated to some extent by the amount of permanganate required 
to oxidize the tannic and gallic acids present. Practice and 
experience will enable the operator to judge of the proper propor- 
tions to use in dealing with the various materials, bearing in mind 
that volumetric processes are largely dependent upon identity of 
conditions for securing concordant results. 



Standard Solutiozui and Be-as«nt8. 

Standard Potassic Rermanganate, — Kathreiner recommends 
that thia solution should contain not more than 1*333 gm. of the 
pure salt per liter (better only about 1 gm.) ; therefore, if the ope- 
rator is accustomed to use the decinormal solution, a very convenient 
strength is made by diluting one volume of it with two of water, 
thus obtaining a solution of -f-^ strength (=1'052 gm. per liter). 

This standard is the more advisable because it enables the 
operator to calculate its value into oxalic acid, and so arrive at the 
theoretical standards adopted by Neubauer and Oser; namely, 
that 0*063 gm. of oxalic acid represents 004157 gm. of gallo-tannic 
acid (gall-nut tannin), or 062355 gm. of querci-tannic acid (oak- 
bark tannin). These coefficients for calculation are now largely 
adopted, and are certainly preferable to standardizing the perman- 
ganate upon any specimen of so-called pure tannin. 
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30 cc. of ^ permanganate will therefore represent 0-063 gm. 
of oxalic acid or the weights of tannin above mentioned. 

Solution of Indigo-carmine, — This should be a clear filtered 
solution of such strength that not less than 20 cc. are required for 
10 cc. of the permanganate. 

Solution of Gelatine. — ^Tliis solution ia used to precipitate the 
available tannin in any given solution after its total oxidizable 
matters have been determined by the indigo and permanganate. It 
is made by steeping 25 gm. of good clear glue in cold water for 
some hours, and pouring off the superfluous water. The swollen 
glue is then melted on the water bath, the liquid saturated with clean 
table-salt (sodic chloride), transferred to a liter flask, and made up 
te the required measure with a cold saturated solution of the same 
salt in water, then preserved in a well-closed bottle for use. 

It must be filtered perfectly clear on each occasion before using. 
Pcocter states that a gelatine solution of half this strengUi 
suffices for all practical purposes. 

Dilute Sulphuric Acid. — One volume of concentrated pure acid 
to five of water. 

Acid Solution of Salt, — This is merely a saturated solution of 
common salt, containing about 25 ac. of sulphuric or 50 cc. of 
hydrochloric acid per Liter. 

Proce»»ei of Titration : The first thing te be done is to ascertain the 
relationship between the permanganate and indigo solutions (it is assumed 
that the permanganate is correct as regards its relation to oxalio aoid), and 
therefore 10 or 20 o.o. of the indigo are measured into a white poroeiain 
hasm, and dilated to about a liter with distilled water, or ordinary water free 
from organic matter or other substances capable of zedudng pennanffanate. 
10 CO. of the dilute acid are measured in, and the permanganate delivered 
in with a hand-pipetto in drops, with constant stirring, until the colour is 
just discharged, leaving a dear faint yellow tint, with just a shade of pink. 

This experiment will act as a ^ide to the final adjustment of the indigo, 
which should be of such dilution that about 20 cc. correspond to about 
10 cc of permanganate measured accurately with the burette. 

Titration of the Tanmng Material : It is very important, in order to 
avoid uncertainty in the end-point of the reaction, that only so much 
material shall be used as shall oonsume about 7 or 8 o.o. of permanganate of 
^ strength above that which is required for the indigo. 

Kathreiner insists upon these proportions, and the general method 
adopted by him is to add 20 cc. of indigo with 10 cc of dilute acid to 
about a liter of water, in a poroeiain dish, followed by the requisite amount 
of tanning solution. The permanganate is then delivered in very slowly, with 
constant stirring, until a faint rose colour appears round the edges of the 
liquid. The time allowed for the titration is also very important, and with 
the simple tanning solution should occupy not less than four minutes. 

The seoond titration, after addition of the gelatine, will, owing to the 
viscosity of the liquid, require about six minutes. 

Precipitation of the Tann%n, and euheequent Titration of Subetancet 
other than Tannin : 100 cc. of the clear tanning solution are mixed with 
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100 0.0. of the geUtin6» and after being well stirred a mixture of 10 c.o. of 
the dilate acid with 40 c.o. of aatur^Ml salt solution is added, whioh will 
cause the preoipitate to coagulate readil v, so that after standing for half an hour» 
with oooasionai vigorous stirring, a tolerably dear supernatant fluid may be 
obtained^ which may be easily filtered. 60 c.o. of this filtrate (=20 c.c. of 
tanning solution) are taken for titration, together with 10 c.c. of dilute acid, 
20 0.0. of indigo, and made up to about a liter with pure water, and the 
titration carried out precisely as in the case of the origmal solution, except 
that about six minutes are occupied instead of four. 

The operator has now in hand the data for calculating the value 
of the actual tannin expressed in terms of permanganate. An 
example is given below in the case of tea analysis. 

Experience has proved that any wide departure from the propor- 
tions here given leads to confusion in the reaction, owing to the 
colour of the oxidation products. Procter, who has evidently 
considerable practical experience in all the methods hitherto pro- 
posed for estimating tannin, writes as follows : — 

"EmployiDg these precautions Kathreiner obtained always constant 
results, and found that, even for two or three successive days, tannin solu- 
tions gave results practically identical, if protected by the addition of 0*6 c.c. 
g:lacial acetic acid. He found, as the writer had previously done, that the 
titrations could be carried out as well by artificial as by day light, without 
any differenoe in the final result, though the quantij^ of permanganate 
employed by gas-light was slightly higher. He gives it as his opinion that 
if the light of a petroleum lamp with opal shade were employed, the end- 
reaction would be identical ; but as any variation, so long as it b constant, has 
no eCTeot on the final result, the matter is of Uttie moment. 

" A point of more importance is how far the result is aflTected by oxidation of 
the gelatine, or of some oxidizable body contained in it. K at h r e i n e r found 
that 60 CO. of his gelatine solution increased the consumption of permanga- 
nate by 1*5 0.0. beyond that needed for the indigo alone. Now the 60 o.a of 
filtrate usually employed in estimating the * non-tannin' contains 20 o.o. of 
the gehitine solution, equalliug 0*6 c.c. of permanganate, but in all probability 
part at least of the oxidisable matter is carried down b:^ the tannin ; probably, 
therefore, the nearest approach to truth mav be obtained by deducting kalf 
the correction for gelatme from the oxidizable matter other than tannin." 

It is advisable that eaoh operator should practically ascertain the effect of his 
gelatine solution upon the permanganate, previous to use in the actual analysis. 

As a basis of oalcuktion Kathreiner agrees with Procter in preferring 
the numbers given by Neubauer and Oser (via., 0063 gm. oxalic acid= 
0*04167 gallo-tannlo or 0*062366 querci-tannic acids) to any attempt at com- 
parison with so-called "pure" tannin, which often contains 20 per cent, of 
impurities. 

Kathreiner quotes Gauhe, Hewett, and Procter as agreeing 
with him in considering Lbwenthal's a rapid and easy method of 
analysis, and well adapted for practical use. It may be added that 
the method is employed by Eitner for the numerous analyses of 
the Vienna Government Leather Eesearch Laboratory, and he also 
adopts Neubauer's and Oserls numbers for calculation. 

Tannin in Tea. — The above-described process may readily be 
made available for the estimation of tannin in tea as has been 
shown by Hill (Analyft^ vi. p. 95), who proceeds as follows : — 
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2 gm. of tea are completely exhausted by boiling with water, and the 
decoction when cold made up to 500 c.c. If not titrated at once it may be 
advisable to add a few drops of acetic acid in order to prevent any change in 
the liquid. 10 c.c. of the decoction (=004 gm. of tea) are diluted to about 
a litor ; 20 c.c. or so of indigo solution added, together with 10 c.c. of dilute 
sulphuric acid, and the permanganate added slowly, with constent stirring, 
until the process is ended as before described. 

100 c.c. of the decoction of tea should previously have been treated with 
60 c.c. of salted gelatine solution and 100 c.c. of acid salt solution, in order to 
remove the tannin. It is necessary to mix the tea decoction with the salted 
gelatine previous to adding the acid solution. The mixture should be vigorously 
stirred, for some minutes at a time, during half an hour, when it will be 
found that it will filter perfectly clear. Of this clear filtrate 60 c.c. are taken 
( =0*08 gm. of tea) and titrated as described for the original decoction. 

. The following record of an actual experiment will show the 
method of calculation. The permanganate in this case contained 
1-333 gm. per liter, each c.c. being therefore equal to 0026 gm. 
oxalic acid. 

(a) Tannin and other oxidizable matters : — 
10 c.c. decoction = 0*04 gm. tea ) • j i o n 
20 cc indigo solution acidified } "^"'"^ 13-2 cc. permanganate. 
Ditto repeated ... ... „ 130 cc. ,, 

26-2 cc. 
40 cc. indigo alone, acidified .. . „ 19-8 cc „ 



20 cc =0-08 gm. tea ... „ 6-4 cc „ 

(Ij) Oxidizable matters exclusive of tannin : — 
50 cc. filtrate=0-08 cm. tea ... ) • i n o l 

20 cc. indigo solution, acidified } ^"""^ ^^'^ <^«- Pe'^nanganate. 
Ditto repeated ... ... „ 12*0 c.c „ 



23-8 cc. 
40 cc. indigo alone, acidified ... „ 19*8 cc 



100 c.c=016 gm. tea ... „ 40 cc 

6-4x2=12'8cc 
4-0 



8'8 cc permanganate required by tannin in 0*16 gm. tea. 
8-8 X 0-0026 «0-02288 

02288 

=0-143 gm. or 14-3 per cent, tannin. 

0-16 

The calculation is based on Eochleder's statement that the 
peculiar tennin of tea is identical with querci-tannic acid, and on 
the employment of Oser's factor for that acid. 
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TIN. 
Sn=118. 

Metallic iron x 10536 = Tin. 

Double iron salt x 0-1505 = „ 
Factor for ^^ iodine 

or permanganate 

solution 0-0059 

^76. The method, originally devised by St re ng, for the direct 
estimation of tin by potassic bichromate, or other oxidizing agents 
in acid solution, has been found most unsatisfactory, from the fact 
that variable quantities of water or acid seriously interfere with the 
accuracy of the results. The cause is not fully understood, but 
that it is owing partly to the oxygen mechanically contained in the 
water reacting on the very sensitive stannous chloride, there can be 
very little doubt, as the variations are considerably lessened by the 
use of water recently boiled and cooled in closed vessels. These 
difficulties are set aside by the processes ofLenssen, Lowenthal, 
Stromeyer, and others, now to bo described, and which are found 
satisfactory. 

1. Direct Titration by Iodine in Alkaline Solution (Lens sen). 

Metallic tin or its protosalt^ if not already in solution, is dissolved 
in hydrochloric acid, and a tolerable quantity of the double tartrate 
of soda and potash added, together with sodic bicarbonate in 
excess. If enough tartrate be present, the solution will be clear ; 
starch liquor is then added, and the mixture titrated with {-^ iodine, 
till the blue colour is permanent Metallic tin is best dissolved in 
hydrochloric acid by placing a platinum crucible or cover in contact 
with it so as to form a galvanic circuit. 

2. Indirect Titration by Ferric Chloride and Fermansranate 
(Lowenthal, Stromeyer, Ac). 

This method owes its value to the fact, that when stannous 
chloride is brought into contact with ferric or cupric chloride, it 
acts as a reducing agent, in the most exact manner, upon these 
compounds, stannic chloride being formed, together with a propor- 
tionate quantity of ferrous or cuprous salt, as the case may be; 
if either of the latter be then titrated with permanganate, the 
original quantity of tin may be found, the i*eaction being, in the 
case of iron, — 

SnCT+ro'CT=SnCl*+ 2FeCl'. 
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5(j iroii=59 tin. If decinormal permanganate, or the factor neces- 
sary to convert it to that strength, be used, the calculation by 
means of iron is not necessary. 

The solution of stannous chloride, or other protosalt of tin in 
hydrochloric acid, or the granulated metal, is mixed ^vith pure 
ferric chloride, which, if tolerably concentrated, dissolves metallic 
tin readily, and without evolution of hydrogen, then diluted with 
distilled water, and titrated with permanganate as usual To obtain 
the most exact results, it is necessary to make an experiment with 
the same permanganate upon a like quantity of water, to which 
ferric chloride is added ; the quantity required to produce the same 
rose colour is deducted from the total permanganate, and the re- 
mainder calculated as tin. 

Stannic salts, also tin compounds containing iron, are dissolved 
in water, hydrochloric acid added, and a plate of clean zinc intro- 
duced for ten or twelve hours ; the tin so precipitated is carefully 
collected and washed, then dissolved in hydrochloric acid, and 
titrated as above; or the finely divided metal may at once be 
mixed with an excess of ferric chloride, a little hydrochloric acid 
added, and when solution is complete, titrated with permanganate. 
4 eq. of iron ( = 224) occurring in the form of feiTous chloride 
represent 1 eq. (=118) of tin. 

Tin may also be precipitated from slightly acid peroxide solution 
as sulphide, by sulphuretted hydrogen gas or water, the sulphide 
well washed, and mixed mth ferric chloride, the mixture gently 
warmed, the sulphur filtered off, and the filtrate then titrated with 
permanganate as above. 4 eq. of iron=l eq. of tin. 

Tin Ore.— In the case of analysis of cassiterite, Arnold (C7, N. 
xxxvL p. 238) recommends that 1 gm. of the very finely powdered 
mineral be heated to low redness for two hours in a porcelain boat 
in a glass tube with a brisk current of dry and pure hydrogen gas, 
by which means the metal is reduced to the metallic state. It is 
then dissolved in acid ferric chloride, and titrated with perman- 
ganate or bichromate in the usual way. 



TJRAKITIK. 

Ur=»8* ^^l\J ** 

§ 77. The estimation of uranium may be conducted with great 
accuracy by permanganate, in precisely the same way as ferrous 
salts (§ 59). The metal must be in solution either as acetate, 
sulphate, or chloride, but not nitrate. In the latter case it is 
necessary to evaporate to dryness with excess of sulphuric or 
hydrochloric acid, or to precipitate with alkali, wash and redissolve 
in acetic acid. 

The reduction to the uranous state is made with zinc, but as the 



{ r <^ ti?2r.* r ' ^<. ^ 
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end of redaction cannot^ like iron, be known by the colour, it is 
necessary to continue the action for a certain time ; in the case of 
small quantities a quarter, larger half an hour, at a temperature of 
50"^ to 60"* C, and in the presence of excess of sulphuric acid ; 
hydrochloric acid may be used, but in that case the precautions 
mentioned on page 167 must be observed as with iron: all the zinc 
must be dissolved before titration. The solution is then freely 
diluted with boiled water, sulphuric acid added if pecessaty, and 
then permanganate until the rose colour is fisiintly permanent The 
ending is very distinct if the solution be well diluted, and the 
reaction is precisely the same as in the case of ferrous salts ; namely, 
2 eq. of uranium existing in the uranous state require 1 eq. of 
oxygen to convert them to the uranic state; hence 56 Fe= 118'8 
Ur, consequently the strength of any permanganate solution in 
relation to iron being known, it is easy to find the amount of 
uranium. By using ^-^ solutions systematic numbers are of course 
obtained, and no calculation is required. 



ZINO. 
Zn = 65. 

1 c.c. ^^ 8olution=0 00325 gm. Zinc. 
Metallic iron x 0-5809 = Zinc. 

„ X 0-724 s= Zinc oxide. 

Double iron salt x 0-08298 = Zinc. 

„ „ X 01034 = Zinc oxide. 

1. Indireot Xetliod (Xann). 

§ 78. This process gives exceedingly good results, and consists 
in precipitating the zinc as hydrated sulphide, decomposing the 
sulphide with moist silver chloride, then estimating the zinc chloride 
so formed with amnionic sulphocyanate as in Yolhard's method 

(§ 39). 
The requisite materials are — 

Silver CJdoride, — Well washed and preserved from the light 
under water. 

Standard Silver NUrate. — 33*18 gm. of pure silver, dissolved in 
nitric acid and made up to 1 liter, or 52*3 gm. silver nitrate per 
liter. If made direct from silver, the solution must be well boiled 
to dissipate nitrous acid. 1 cc. = 0*01 gm. of zinc. 

Ammonic Sulphocyanate, — Of such strength that exactly 3 cc. 
suffice to precipitate 1 cc. of the silver solution. 

Ferric Indicator and Pare Nitric Acid (see § 39.3 and 4). 
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Tie Analytical Proeeu: 0*5 to 1 gm. of the zinc ore is dissolved in 
nitric acid. Heavy metals removed by WS iron and alamina by double 
precipitation with ammonia. The united filtrates are acidified with aoetio 
acid, and sulphuretted hydrogen passed into the liquid until all sine is pre- 
cipitated as sulphide. Excess of H'S is removed by rapid boiling, so that a 
drop or two ol the filtered liquid gives no further stain on lead paper. The 
precipitate is then allowed to settle, decanted while hot, the precipitate 
brought in a filter with a little hot water, and without further washing, the 
filter with its contents is transferred to a small beaker,| 30—60 c.c. of hot 
water added, well stirred, and so much moist silver chloride added as is judged 
necessary to decompose the sulphide, leaving an excess of silver. The 
mixture is now boiled till it shows signs of settling clear ; 5 or 6 drops of 
dilute sulphuric acid (1:6) are added to the hot mixture, and in a few 
minutes the whole of the sine sulphide will be converted into sine chloride. 
The free sulphur and excess of silver chloride are now filtered off, washed^ 
and the chloride in the mixed filtrate and washings estimated as follows : — 

To the cool liquid, measuring 200 or 800 c.c, are added 6 c.c. of ferric 
indicator, and so much pure nitric acid as is necessary to remove the yellow 
colour of the iron. A measured excess of the standard silver solution is 
then delivered in with the pipette, and without filtering off the silver chloride, 
or much antation, so as to clot the precipitate, the sulphocyanate is cautiously 
added, with a gentle movement after each addition, until a permanent light 
brown colour appearj (see § 60.3). 

The volume of silver eolation represented by the sulphocyanato 
being deducted from that originally used, will give the volume to 
be cs^culated to zinc, each c.c. being e(|aal to 001 gm. Zn. 



2. Precipitation as Sulphide and subsequent titration with Ferric 
Salts and Permanganate (Schwars). 

The principle of this method is based on the fact, that when zinc 
sulphide is mixed with ferric chloride and hydrochloric acid, or 
better still, with ferric sulphate and sulphuric acid, feiTous or zinc 
chloride, or sulphates respectively, and free sulphur are produced. 
If the ferrous salt so produced is estimated with permanganate or 
bichromate, the proportional quantity of zinc present is ascertained. 
2 eq. Fe represent 1 eq. Zu. 

Preparation of tlie Ammoniacal Zinc Solution. — In the case of 
rich ores 1 gm., and poorer qualities 2 gm., of the finely powdered 
material are placed into a small wide-mouthed flask, and treated 
with hydrochloric acid, to which a little nitric acid is added, the 
mixture is warmed to promote solution, and when this has occurred 
the excess of acid is evaporated by continued heat. If lead is 
present^ a few drops of concentrated sulphuric acid are added 
previous to complete dryness, in order to render the lead insoluble; 
the residue is then extracted with water and filtered. Should 
metals of the fifth or sixth group be present, they must be removed 
by sulphuretted hydrogen previous to the following treatment 
The solution will contain iron, and in some cases manganese. If 
the iron is not already fully oxidized, the solution must be boiled 
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with nitric acid; if only traces of manganese are present, a few 
drops of bromized hydrochloric acid should be added. When 
cold, the solution may be further diluted if necessary, and then 
supersaturated with ammonia to precipitate the iron ; if the pro- 
portion of this metal is small, it will suffice to filter off and wash 
the oxide with ammoniacal warm water, till the washings give no 
precipitate of zinc on adding ammonic sulphida Owing to the 
fact that this iron precipitate tenaciously holds about a fifth of its 
weight of zinc, it will be necessary when the proportion is large to 
redissolve the partly washed precipitate in hydrochloric acid, and 
reprecipitate (best as basic acetate) ; the filtrate from this second 
precipitate is added to the original zinc filtrate, and the whole made 
up to a liter. 

Tie Analftieal Process: The ammoniacal zinc solution (prepared as 
described above) is heated, and the zinc precipitated in a tall beaker, with a 
slight excess of sodic or ammonic sulphide, then covered closely with a glass 
plate, and set aside in a warm place for a few hours. The clear liquid is 
removed by a syphon, and hot water containing some ammonia again poured 
over the precipitate, allowed to settle, and again removed, and the washing 
by decantation repeated three or four times; finally, the precipitate is 
brought upon a tolerably large and porous filter, and well washed with warm 
water containing ammonia, till the washings no longer discolour an alkaline 
lead solution. The filter pump may be used here mth great advantage. 

The filter with its contents is then pushed through the funnel into a large 
flask containing a sufficient quantity of ferric sulphate mixed with sulphuric 
aoid, immediately well stopped or corked, gently shaken, and put into a warm 
place ; after some time it should be again weU shaken, and set aside quietly 
for about ten minutes. After the action is all over the mixture should 
possess a yellow colour from the presence of undeoomposed ferric salt; when 
the cork or stopper is lifted there should be no odour of sulphuretted hydrogen. 
The flask is then nearly filled mth cold distilled water, if necessary some 
dilute sulphuric aoid added, and the contents of the flask titrated with 
permanganate or bichromate as usual. 

The free sulphur and filter will have no reducing effect upon 
the permanganate if the solution be cool and very dilute. 

Example : 1 gm of pure sine oxide was dissolved in hydrochloric acid, 
supersaturated with ammonic sulphide, the precipitate well washed and 
digested with acid ferric sulphate, the whole diluted to 500 c.c. in a stoppered 
flask, and 100 o.o. titrated with permanganate of such strength that 
120 c.o.=^l gm. iron. 83'4 o.c. were required(=0'278 gm. of iron); this 
multiplied by 6, as i only was taken, gave 1*390 gm. of iron, which multi- 
plied by 0*724, the factor for zinc oxide, gave 1*0068 gm. instead of 1 gm. 



8. Preoipitattozi by Standard Sodlo SulpMde, with Alkaline Lead 
Solution as Indicator (applicable to moat Zino Ores and Prodncta). 

The ammoniacal solution of zino is prepared just as previously 
described in Schwarz's method. 
The standard sodic sulphide is best made by saturating a portion 
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of caustic soda solution with sulphuretted hydrogen, then adding 
sufficient soda solution to remove the odour of the free gas, and 
diluting the whole to a convenient strength for titrating. 

The standard 2inc solution is best made by dissolving 44*12 gm. 
of pure zinc sulphate to the liter ; 1 ac. will then contain 0*010 gm. 
of metallic zinc, and upon this solution, or one prepared from pure 
metallic zinc of the same strength, the sulphide solution must be 
titrated. 

The alkaline lead solution used as indicator is made by heating 
together acetate of lead, tartaric acid, and caustic soda solution in 
excess, until a clear solution is produced. It is preferable to mix 
the tartaric acid and soda solution first, so as to produce sodic tar< 
trate ; or if the latter salt is at hand, it may be used instead of 
tartaric acid. Some operators use sodic nitroprusside instead of 
lead. 

2!l« Anal^tioal Proeeu : 60 c.c. of zinc solution (=0'5 gm. Zn) are put 
into a beaker, a mixture of solutions of ammonia and ammonia oaroonate (3 
of the former to about 1 of the latter) added in sufficient quantity to redis- 
solve the precipitate which first forms. A few drops of the lead solution are 
then, by means of a glass rod, plaoed at some distance from each other, on 
filtering paper, laid uj^n a slab or plate. 

The solution of sodic sulphide contained in an ordinary Mohr's burette 
is then suffered to flow into the aino solution until, on bringing a drop from 
the mixture and placing it upon the filtering paper, so that it may expand and 
run into the drop of lead solution, a black line occurs at the point of contact ; 
the reaction is very delicate. At first it will be difficult, prooably, to hit the 
exact point, but a second trial with 26 or 60 c.c. of zinc solution will enable 
the operator to be certain of the corresponding strength of the sulphide 
solution. As this latter is always undergoing a slight change, it is necessary 
to titrate occasionally. 

Direct titration with pure zmo solution gave 99*6 and 100*2, instead of 100. 

Groll recommends the use of protochloride of nickel as indicator, 
instead of sodic nitroprusside or lead. The drops are allowed to 
flow together on a porcelain plate ; while the point of contact shows 
a blue or green colour the zinc is not all precipitated by the sodic 
sulphide, therefore the latter must be added until a grayish black 
colour appears at contact. 

Another indicator is paper soaked in a nearly neutral dilute 
solution of cobaltous chloride, which when dry and cold is colour- 
less. When touched with a drop of liquid containing sodic sulphide 
it turns to a green tint^ rapidly becoming brown when warmed. 



4. Precipitation as SulpMde with Perric Indicator (Schaffner). 

Schaffner's modification of this process, and which is used 
constantly at the laboratory of the Vieille Montagne Zinc Works, 
is conducted as follows;— For ores containing over 36 per cent 
zinc, 0*5 gm. is taken; for poorer ones, 1 gm. to 2 gm. Silicates, 
carbonates, or oxides, are treated with hydrochloric acid, adding a 
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gmall proportion of nitric acid at boiling heat to perozidise the 
iron. Sulphur ores are treated with aqua regia^ evaporated to 
dryness, and the zinc afterwards extracted by hydrochloric acid ; 
the ammoniacal solution is then prepared as described on page 284. 

Tk9 Anal^Hoal Proeetii The titration is carried out with a normal 
eolation of sodic salphide. The Yieille MootBgne kboralory uBes ferric 
chloride as an indicator^ aooording to Schaffner's method. For this 
purpose a single drop or some few drops of this chloride are let fall into the 
ammoniacal solution of sine. The perohloride which has been added is at- 
once conyerted into red flakes of hydrsted ferric ozide» which float al the 
bottom of tiie flask. If sodic sulphide be dropped from a Mohr's burette 
into these solutions of sine, a white precipitate of zinc sulphide is at once 
thrown down, and the change in the colour of the flakes of iron from red to 
black shows the moment when all the zinc is sulphuretted, and the titration 
18 ended. It is advisable to keep the solution for titration at from 40 to 
W C. Titration carried out under exactly equal conditions, with a known 
and carefully weighed proportion of zinc, gives comparatiYe data for calcula- 
tion, and thus for the aetermination of the contents of any zinc solution by 
means of a simple equation. If, for .example, 80'45 c.c. of sodic sulphide 
have been used to precipitate 0*26 gm. of zinc (subtracting the necessary 
correction), the solution of the sodio sulphide has a composition such that 
1 CO. of it will precipitate 8'21 m.gm. of zinc (8a45 : 0-25»l : x, and 
therefore x » 0*00821). 

Practice has pointed out the following concentrations and pro- 
portions as best suited for the successful execution of these titrations. 

The sodic sulphide solution which is used for titration must be 
such, that 1 c.c. precipitates 8 to 9 m.gm. of zinc. The solution 
which contains the zinc which has to be estimated will comply 
with the required conditions, if its volume varies between the 
limits of 175 and 225 c.c. only. It is advisable that all solutions 
of zinc should be pretty equally saturated with ammonia, so that 
the ferric chloride added as an indicator may be precipitated in the 
same manner in all samples, and so that the flakes of iron may be 
always clean and clear. 

When the method employed by Schaf f ner was first brought into 
use, it was soon found that the entire number of cubic centimeters 
of sodic sulphide used in an assay should not be considered as 
exclusively devoted to the sulphuretting of the zinc, since a certain 
part goes to cause the blackening, i,e, the sulphuretting of the iron. 
The amount of the titrating re-agent required for sulphuretting the 
iron can be determined by an experiment with a few drops of ferric 
chloride, added to a simple solution of ammonia which contains no 
other substance. Since the sulphurization of these flakes of iron 
is merely superficial, the amount of re-agent used is altogether 
unimportant Close investigation has shown that the amount of 
sodic sulphide used does not, perhaps, stand in any proportion to 
the number of drops of perchloride of iron, but in direct ratio with 
the total volume of the fluid used in the estimation. 

The value which has to be subtracted from the quantities of the 
titrating fluid used is, therefore, proportionate to the volume of the 
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titrated solution of zinc, and the amount of the correction is, with 
the operation as above detailed, equal to 0*7 c.c. of sodic sulphide 
to 100 c.c. by volume of the fluid subjected to titration. Suppose, 
for example, that a dissolved quantity of zinc, Z, makes a solution 
of 100 c.c, and an equal quantity of zinc, Z^, has when dissolved a 
volume of 200 c.c. : for Z, 32-4 c.c. sodic sulphide will be used, 
while for Z*, 33 •! c.c. are required. The difference of 0*7 c.c must 
necessarily, therefore, be ascribed to the difference of 100 c.c which 
exists between the bulks of the two solutions. In practice the 
volume of the fluid titrated is measured at the end of the titration, 
and from the sum of the cubic centimeters used there is subti-acted 
the figure which corresponds to that of the volume measured. 

Example : The sodic sulphide used in an assay is 36'8 cc, the volume of 
the titrated solution 185 c.c The value of the oorreotlon required is got 
bv the following proportion : — 100 : 185 = 0*7 : x, therefore x = 1*29 o.o. 
There oonsequently remains 86*80— 1*29 = 35*51 c.o. sodic sulphide, which 
was used for precipitating the zinc contained in the solution. 

The essential point of the volumetric process practised at the 
Vieille Montague is the perfect uniformity of working adopted in 
the assays with reference to the volume of the solutions and 
re-agents used. In titrating, the same quantities of ferric oxide in 
flakes, hydrochloric acid and ammonia are steadily used. Work is 
done always at one temperature and in the same time, particularly 
at the end of the operation, when the iron begins to take on that 
characteristic colour which the flakes take at the edges — points 
which should not be overlooked. As a further precaution, the 
titrating apparatus is provided in duplicate, the assay, for safety's 
sake, being always made in duplicate. It is immovable, and permits 
the execution of several titrations without the necessity of a too 
frequent renewal of sodic sulphide. It consists of a yellow flask of 
large capacity which supplies two Mohr's burettes, under which 
the beakers can be placed and warmed. A mirror shows by 
reflection the iron flakes which settle down after shaking the liquid. 



6. Bstimationas Ferrooy«nlde In Acetic Acid Solution (O-aletti) . 

When ores containing zinc and iron are dissolved in acid, and 
the iron precipitated with ammonia, the ferric oxide invariably 
carries down with it a portion of zinc, and it is only by repeated 
precipitation that the complete separation can be made. In this 
process the zinc is converted into soluble acetate, and titrated by a 
standard solution of potassic ferrocyanide in the presence of 
insoluble ferric acetate. 

The standard solution of potassic ferrocyanide, as used by 
Galetti, contains 41*250 gm. per liter, therefore 1 c.c.=0*01 gm. 
of Zn, but its actual working power must be fixed by experiment 
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The standard zinc solution contains 10 gm. of pui-e metallic zinc 
per liter dissolved in hydrochloric acid. 

The process is available in the presence of moderate qaantities 
of iron and lead, but copper, manganese, nickel, and cobalt, must 
be absent, or previously removed. 

The adjustment of the ferrocyanide solution (which should be 
freshly prepared at short intervals) must be made in precisely the 
same way, and with the same volume of liquid as the actual 
analysis of ores, and is best done as follows : — 

25 CO. of zino solation are measured into a beaker, 15 c.c. of liquid 
ammonia of sp. gr. 0*900 added to render the solution alkaline, then very 
cautiously acidified with acetic acid, and 50 c.c. of acid ammonio acetate 
(made by adding together 20 o.o. of ammonia of sp. gr. 0*900, 15 o.c. of 
concentrated acetio acid, and 65 o.c. of distiUed water), which is poured into 
the mixture, then diluted to 250 c.c, and warmed to about 50* C. The 
titration is then made with the ferrocyanide solution by adding it from a 
burette until the whole of the zinc is precipitated. Galetti judges the 
ending of the process from the first change of colour from white to ash grey, 
which occurs when the ferrocyanide is in excess ; but I prefer to ascertain the 
ending by taking drops from the solution, and bringing them in contact with 
solution of uranio acetate or nitrate on a white plate until a faint brown 
colour appears. The ferrocyanide solution should be of such strength that 
measure for measure it agrees with the standard zinc solution. In .the present 
case 25 o.c. would be required. 

In examining ores of zino, such as calamine and blende, Qaletti always 
takes 0*5 gm. for the analysis, and makes the solution up to 500 c.c. Calamine 
is at once treated mth hydrochloric acid in sufficient quantity to bring it into 
solution. Blende is treated with aqua regia^ and evaporated with excess of 
hydrochloric acid to remove nitric acid. The solutions of zino so obtained 
invariably contain iron, which together with the zino is ke^t in solution by 
the hydrochloric acid, but to insure the peroxidation of the iron, it is always 
advisable to add a little potassic chlorate at a boiling heat during the extrac- 
tion of the ore. The hydroohloric solution is then diluted to about 100 o.c. 
with water, 80 c.c. of ammonia added, heated to boiling:, exactly neutralized 
with acetic acid, 100 c.c. of the acid ammonio acetate just described poured 
in, and diluted to about 500 c.c. The mixture as prepared will contain all 
the zinc in solution, and the iron will be precipitated as acetate. The 
titration may at once be proceeded with at a temperature of about 50^ to 
60* G. by adding the ferrocyanide until the necessary reaction mth uranium 
is obtained. As before mentioned, Qaletti takes the change of colour as 
the ending of the process, and when iron is present this is quite distinguish- 
able, but it requires considerable practice to rely upon, and it is therefore 
safer to use the uranium indicator. When using the uranium, however, I 
prefer to dilute the zinc solution less, both in the adjustment of the standard 
ferrocyanide and the analvsis of ores. The dilution is necessary with 
Galetti's method of endmg the process, but half the volume of liquid, or 
even less, is better with the external indicator. 



6. Bstimation as Ferrooyajiide in Hydrochloric Acid Solution 
(Fahlberff and Xaxwell Lyte). 

This method is not available in the presence of iron, copper, 

nickel, or cobalt, but lead, manganese, and alumina do not interfere. 

The standard solution of ferrocyanide is made of such strength, 

U 
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that 1 c.c.=:0'01 gm. of zinc. Lyte finda that this is obtained by 
dissolving 43*2 gm. of pure potassic ferrocyanide and diluting to 
1 liter. This corresponds volume for volume with a solution of 
10 gm. of pure zinc in excess of hydrochloric acid diluted to 1 liter. 
My experiments confirm this, but each operator is advised to adjust 
his solutions by experiment^ always 4i8ing the same quantities of 
re-agents and volume of liquid. The end of the reaction between 
zinc and ferrocyanide is found by uranium. 

The Analfftieal Proeeu : If a solution of zinc freely acidified with hydro- 
chloric acid is heated to nearly boiling point, two or three drops of uranic 
solution added, and the ferroc;fanide delivered into the mixture from a 
burette, white zino ferrocyanide immediately precipitates, and as the drops of 
ferrocyanide fall into the mixtore, a brown spot of uranio ferrocvanide 
fwpears, but disappears again on stirrinp^ so long as free sine exists in solution, 
llie moment all the zino is converted into ferrocyanide, the addition of test 
solution tinges the whole liquid brown. This addition of uranium to the 
liquid may be used as a guide to the final testing on a porcelain plate, since 
as the precipitation approaches completiont the tinge of brown disapp^rs 
more slowly. The actual ending, however, is always ascertained by spreading 
a drop or two of the liquid upon the plate, bringing into contact with it a 
glass rod moistened with uranic solution ; when &e same shade of colour is 
produced as occurred in the original titration of the ferrocyanide solution the 
process is ended. 

Lyte gives the following method of treating a blende containing 
lead, copper, and iron {0. N. xxi p. 222) ; — 

JExampU : 8 gm. of finely powdered ore were boiled with strong hydro- 
chloric acid and a Uttle potassic chlorate, the insoluble matter again treated 
in like manner, the solutions mixed and evaporated somewhat, washed into a 
beaker, oooled, and moist baric carbonate added to precipitate iron, allowed to 
stand a few hours, then filtered into a 200 o.c. flask containing 10 co. of 
strong HGl, and washed until the exact meosuro was obtained. 80 co. 
(=0*2 gm.) of blende wero measured into a small beaker, diluted with the 
same quantity of water, S drops of uranic solution added, and the ferrocyanide 
delivered in from a burette. When 70 c.c. wero added the brown tinge dis- 
appeared slowly ; the testing on a white pkte was then resorted to, and the 
ferrooyanide added drop by drop until the proper eff'ect occurred at 73 co. 
As a slight excess of ferrooyanide was necessary to produce the brown colour, 
0-2 CO. was deducted, leaving 72*8 cc. as the quantity necessary to precipitate 
all the zinc The 0*2 gm. of blende therefore contained 0*0728 gm. of Zn or 
36*4 per cent. 

The sample in question contained about 2*7 per cent, of copper, 
but this was precipitated with the iron by the baric carbonate ; had 
it contained a larger quantity, the process would not have been 
available unless the copper was removed by other means. 

Fahlberg (Z. a. C. 1874, p. 379) estimates the zinc in hydro- 
chloric solution with ferrocyanide and uranic indicator, but 
recommends the addition of ammonic chloride to the extent of 
about five times the weight of zinc present 
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The standard ferrocyanide must of course be adjusted in the 
same way as in the analysis of ores, and it must not be forgotten 
that the presence of ammoniacal salt in quantity affects the produc- 
tion of colour ivith uranium, so that it is absolutely necessary to 
work with the same quantities of re-agents and volume of liquid in 
all cases. » 

Ores containing galena or copper are treated with aqua regia^ 
then boiled with excess of hydrochloric acid, the heavy metals 
precipitated with sulphuretted hydrogen and filtered off, the iron 
peroxidized with nitric acid or potassic chlorate, cooled, precipitated 
with ammonia, and the precipitate dissolved and re-precipitated 
twice to remove all zinc The ammoniacal solutions are then mixed, 
neutralized with hydrochloric acid, 10 or 15 c.c. of concentrated 
HCl added, and titrated with ferrocyanide, regardless of the 
manganese present Fahlberg states that the process yields 
good results with zinc ores containing lead, copper, manganese, 
and iron. 



7. Estimation of Zino as Oxalate. 

This method is based on the fact that all the metals of the 
magnesia group are precipitated in the absence of alkaline salts by 
oxalic acid, with the addition of alcohol. The cases are very few 
in which such a method can be made avaOable, but the process as 
described by W. G. Leison {Silliman's Joum.j Sept. 1870), 
is here given. 

The zinc colnpound is obtained, preferably as sulphate, in neutral 
solution, and strong solution of oxalic acid and a tolerable quantity 
of strong alcohol are added. Zinc oxalate quickly separates in a fine 
crystalline powder, which when washed by alcohol from excess of 
oxalic acid and dried, can be dissolved in hot dilute sulphuric acid, 
and titrated with permanganate ; the amount of zinc is calculated 
from the weight of oxalic acid so found. If the zinc oxalate be 
washed on a paper filter, it cannot be separated from the paper 
without contamination with fibres of that material, which would of 
course affect to some extent the permanganate solution. Hence it 
is advisable to filter through very clean sand, best done by a 
special funnel ground conical at the throat ; into this is dropped a 
pear-shaped stopper with a long stem', the pear-shaped stopper 
fitting the funnel throat tightly enough to prevent sand but not 
liquids from passing; a layer of sand being placed upon the 
globular end of the stopper and packed closely, the liquid containing 
the oxalate is brought upon it and so washed ; finally the stopper 
is lifted, the sand and oxalate washed through with dilute acid into 
a clean flask, and the titration completed. 

U 2 
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VANADITJK. 

§ 79. Vanadium salts, or the oxides of this element, may be 
very satisfactorily titrated by reduction with a standard ferrous 
solution; thus — 

2 FeO+VO'rsFe' 0»+V0^ 

1 gm. of Fe represents 1 '030357 gm. of Vanadic pentoxide. 

Lindemann (Z. a. C, xviii. p. 99) recommends the use of a 
solution of ferrous ammonio-sulphate (double iron salt) standardized 
^y iz potassic bichromate. 

Of course it is necessary that the vanadium compound should be 
in the highest state of oxidation, preferably in pure sulphuric acid 
solution. The blue colour of the tetroxide in the dilute liquid has 
no misleading effect in testing with ferridcyanida 

With hydrochloric acid great care must be taken to insure 
absence of free CI or other impurities. The end-point in the case 
of this acid is different from that with sulphuric^ acid, owing to the 
colour of the ferric chloride, the mixture becoming clear green. 

The accuracy of the reaction is not interfered with by ferric or 
chromic salts, alumina, fixed alkalies, or salts of ammonia. 

Yanadic solutions being exceedingly sensitive to the action of 
reducing agents (see § 31.2/), great care must be exercised to 
exclude dust or other carbonaceous matters, alcohol, &c. 
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PART VL 

SPECIAL APPLICATIONS OF THE VOLUMETRIC 
SYSTEM TO COMPLETE QUANTITATIVE ANALYSIS. 

ANALTSIS OF UBIKE. 

§ 80. The complete and accurate determination of the normal 
and abnormal constituents of urine presents more than ordinary 
difficulty to even experienced chemists, and is a hopeless task in the 
hands of any other than such. Fortunately, however, the most 
important matters, such as urea, sugar, phosphates, sulphates, 
and chlorides, can all be determined volumetrically with accuracy 
by ordinary operators, or by medical men who cannot devote 
much time to practical chemistry. The researches of Liebig, 
Neubauer, Bence Jones, Vogel, Beale, Hassall, Pavy, 
and others, during the last few years, have resulted in a truer 
knowledge of this important secretion ; and to the two first men- 
tioned chemists we are mainly indebted for the simplest and most 
accurate methods of estimating its constituents. With the relation 
which the proportion of these constituents bear to health or disease 
the present treatise has nothing to do, its aim being simply to point 
out the readiest and most useful methods of determining them 
quantitatively. Their pathological importance is very fully treated 
by some of the authorities just mentioned, among the works of 
which Neubauer and Vogel's Analyse dea Harris, Beale's 
Urine, Urinary Deposits, and Calculi, and Mehu's Traite de 
Chimie Medicale, are most prominent and exhaustive ; and we now 
have the collected experience of all the best authorities in the world 
in The Pathological Handbook of Bra. Lauder Brunton, Klein, 
Foster, and Burdon Sanderson (Churchill). 

The gram system of weights and measures will bo adopted 
throughout this section, while ihose who desire to use the grain 
system will have no difficulty in. if?itrking, when once the simple 
relation between them is understood^ (see § 9, p. 22). The question 
of weights and measures is, however, of very little consequence, if 
the analyst considers that he is dealing with relative parts or pro- 
portions only ; and as urine is generally described as containing so 
many parte of urea, chlorides, or phosphates, per 1000, the absolute 



* In a word, wheaerer cc. occurs, dm. maj be snlMtitnted ; and in case of nainff 
graina for snuna, move tba dadmai point one place to tbe riffht-^thna 7*0 grama would 
be changed to 70 gnina. Of coarse it is nnderstood that where grama are taken, cc 
moat be measnred, and with graina dm. ; the standard solution befiig the same for both 
Bjstems. 
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weight may be left out of the question. The grain system is more 
readily calculated into English ounces and pints, and therefore is 
generally more familiar to the medical profession of this country. 

One thing, however, is necessary as a preliminary to the exami- 
nation of urine, and which has not generally been sufl&ciently 
considered ; that is to say, the relation between the quantity of 
secretion passed in a given time, and the amount of soUd matters 
found in it by analysis. In a medical point of view it is a mere 
waste of time, generally speaking, to estimate the constituents in 
half a pint or so of urine passed at any particular hour of the day 
or night, without ascertaining the rdation which that quantity, 
with its constituents, bears to the whole quantity passed during, 
say, 24 hours ] and this is the more necessary, as Uie amount of 
fluid secreted varies very considerably in healthy persons ; besides 
tlus, the analyst should register the colour, peculiarity of smell (if 
any), consistence, presence or absence of a deposit (if the former, 
it should be collected for separate analysis, filtered urine only being 
used in such cases for examination), and lastly its reaction to litmus 
should be observed. 



1. Speoiflc Oravity. 

This may be taken by measuring 10 c.c with an accurate pipette 
into a tared beaker or flask. The observed weight say is 10*265 
gm. ; therefore 1026*5 will be the specific gravity, water being 1000. 
Where an accurate balance, pipette, or weights are not at hand, a 
good urinometer may be used. 



2. Estimation of Ohloridos (calculated as Sodio Chloride). 

This may be done in three ways, viz, : — 

(a) Sy Silver {Mohr) .* 10 c.c. of the nrine are meuured into a thin 
porcelain or platinum capsule, and 1 gm. of pure potaasio nitrate in powder 
added ; the whole is then CTaiwiated to dryness, and gradually heated over a 
small spirit lamp till the residue becomes white ; it is then dissoWed in a 
small quantity of water, and the potassic carbonate produced by the combus- 
tion of the organic matter nearly neutralized by dilute nitric add ; two or 
three drops of solution of potassic chromate are then added, and the mixture 
titrated with ^ silver, as in § 87.2. 

Each CO. of silver solution represent 0005887 gm. of salt, consequently 
if 12'5 0.0. have been used, the weight of salt in the 10 c.o. of urine 
is 0'07296 gm., and as 10 c.c. only were taken, the weight multiplied by 10, 
or what amounts to the same thing, the decimal point moved one place to 
the right, gives 7*296 gm. of salt for 1000 of urine. 

In order to save calculation, it is convenient to measure 5*9 c.c. 
of the urine, add about \ gm. of potassic nitrate, then evaporate, 
ignite, and titrate, as before directed. The number of cc. of -^^ 
sUver used will represent the number of parts of salt in 1000 parts 
of urine. 
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Example : 60 c.o. of urine passed by a patient suff^ng from IHabeies 
initpidns was eTa^rated and titrated as above, requiring 8*1 o.c. silver solu- 
tion : the proportion of salt was therefore 8*1 parts per 1000 of urine. 

Pibram {Vierteljahrsh, /. pract Heilk, cvL p. 101) obviates the 
necessity for evaporating the urine with potassic nitrate previous to 
titration by heating the urine with permanganate. 10 c.c of urine 
are mixed with about 6 c.c. of ^^ permanganate, and 40 cc. of water 
then brought nearly to boiling ; by this means a brown flocculent 
precipitate is produced, consisting of organic matter and manganous 
salt, which is filtered away, leaving the clear liquor colourlessi so 
that an excess of permanganate shows the rose tint at once. 
Enough permanganate must be used to give this tint, which is then 
removed by a drop or two of dilute oxalic acid solution, and the 
Huid titrated with ^ silver solution and chromate as before 
described. This method gives very good results. 

(ft) JBy Volhard's Method : This is a direct estimation by silver and 
ammonic sulphocyanate (§ 89), which gives very good results in the absence 
of much organic matter, and is best carried out as follows : — 

10 0.0. of urine are placed in a 100 o.c. flask and diluted to about 60 o.o. 
2 c.c. of pure nitrio acid and 16 o.o. of standard silver solution ^1 c.o.»0'01 
gm. NaCI) are then added ; the closed flask is well shaken, and immediately 
afterwards the measure is made up to 100 c.c. with distilled water. 

The mixture is then passed through a dry filter, and about 70 or 80 o.c. of 
the dear fluid titrated with standard ammonio sulphocyanate for the excess 
of silver, using the ferric indicator described on page 112. The relative 
strength of the silver and sulphocyanate being known, the measure of the 
former required to combine with the chlorine in the 7 or 8 c.o. of urine is 
found and calculated into NaCl. 

(c) JSy Mercuric Nitrate (Liebiff) : The principle of this method is as 
follows : — If a solution of mercuric nitrate, free from any ezoess of add, is 
added to a solution of um, a white gelatinous jpreoipitate is produced, con- 
taining urea and mercuric oxide in the proportion of 1 eq. of the former to 
4 ea. of the latter (4 HgO+Ur). When sodic chloride, however, is present 
in the solution, this precipitate does not occur, until all the sodic chloride is 
converted by double deoompontion into merourio chloride (subUmate) and 
sodic nitrate, the solution remaining clear ; if the exact point be overstepped, 
the excess d mercury immediately produces the precipitate above described, 
so that the urea present acts as an indicator of the end of the process. It is 
therefore possible to ascertain the proportion of ohlorides in any given sample 
of urine by this method, if the strength of the mercurial solution is known, 
sinoo 1 e<|. of mercuric oxide converts 1 eq. of sodic chloride into 1 eq. each 
of corrosive sublimate and sodic nitrate. 

Although the details of this interesting process will be given herci 
long experience has convinced me that this method is, in some 
cases, far less accurate than the one previously given. Extreme care 
is required in the preparation and use of the mercurial solution, and 
even when these conditions are complied with, many cases occur in 
which the results-jobtained are totally incomprehensible : preference 
must therefore be given to the silver method. The standard solu- 
tion of mercury is best made as follows ; — 
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Standard Sohdion of Mercuric Nitrate. — It is of great iro- 
portance that the solation be pure, for if the mercury from which 
it is made be contaminated with traces of other metals, such as 
bismuth, silver, or lead, they will produce a cloudiness in the 
liquid while under titration, which may possibly hinder the exact 
ending of the reaction; therefore 18*42 gm. of the purest precipi- 
tated mercuric oxide are put into a beaker, with a sufficiency of 
pure nitric acid of about r20 spec. grav. to dissolve it by the 
aid of a gentle heat ; the clear solution so obtained is evaporated 
on the water bath to remove any excess of free acid. When the 
liquid is dense and syrupy in consistence, it may be transferred to 
the graduated cylinder or flask and diluted to a liter : 1 cc. of the 
solution so prepared is equal to 0-01 gm. of sodic chloride, or 
0006059 gm. of chlorine. 

If pure mercuric oxide is not at hand, the solution is best made 
by weighing 25 gm. of mercuric chloride, which is dissolved in 
about a liter of water and the oxide precipitated with a slight 
excess of caustic potash or soda. The precipitate of yellow oxide 
is allowed to settle clear and the liquop decanted. It is repeatedly 
washed in this manner with warm distilled water until the washings 
show no amount of alkali or alkaline chloride ; the precipitate is 
then dissolved in the smallest quantity of pure nitric acid, and 
diluted to about 950 cc. If any great excess of nitric acid is 
present) it may be cautiously neutralized by pure sodic hydrate or 
carbonate. 

Verification of the Mercuric Solution, — ^This is carried out by 
the help of the following solutions :— • 

Pure Sodic Chloride. — 20 gm. per liter. 

Solution of Urecu — i gm. of pure urea in 100 c.c. 

Solution of pure Sodic Sulphate. — Saturated at ordinary tem- 
peratures. This is used to regulate the action of the free acid 
which is liberated in the reaction. In the case of natural urine it 
is not necessary. 

Proceu of Titration: 10 CO. of the standard sodic chloride (-0*2 gm. 
NaCl) are placed in a small beaker, together with 8 cc. of the urea solution, 
and 5 cc. of sodic sulphate. The mercuric solution is then delivered in 
from the burette, with constant stirring, until a decided permanent white 
precipitate is seen to form. A mere opalescence may occur even at tiie 
beginning, arising from slight impurities in the merooiy, but this may be 
disregarded. If the meroorio solution has been made from weighed pure 
oxide, exactly 20 cc should be required ; if, on the contrary, it has been 
made from the fresh unweighed oxide, somewhat less than 20 cc should be 
required. Sajr that 18'5 c.c. have been found to give the necessary reaction, 
then the solution must be diluted with distilled water in the prop<Hrtimi of 
1'5 cc to every 18*5, or 925 cc made up to a liter. 
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It may happen that the solution, when made from weighed diy 
mercnric oxide, is not correct, owing to the difficulty of obtaining 
perfectly pure material ; in such case a factor must be used to bring 
the volume used to the correct standard. 

(d) Banrta Solntion for removing Phosphorlo aad Sulphurio 
Adds. — Before urine can be submitted to titration by the mer- 
curial solution, it is necessary to remove the phosphoric acid, and 
the proper agent for this purpose is a mixture composed of 1 
volume of cold saturated solution of pure baric nitrate and 2 
volumes ditto baric hydrate ; the same agent is used previous to 
the estimation of urea, and may be simply designated Baryta 
Solution, 

The Analytical Proeeu tcith Urine : 40 CO. of the clear urine are mixed 
Tfith 20 CO. of baryta solution, and the thick mixture poured upon a Bmall 
dry Alter ; when sufficient clear liquid has passed through, 16 c.o. («10 c.c. of 
unne) are taken with a pipette and just neutralized, if necessary, with a drop 
or two of nitrio acid. If not alkaline, the probability is that sufficient baryta 
solution has not been added to precipitate all the phosphoric and sulphuric 
acids. This may be known by adding a drop or so of the baryta solution to 
the filtrate ; if any precipitate is produced, it will be necessary to mix off a 
fresh quantity of unne with three-fourths or an equal quantity of baryta, in 
which case 17^ or 20 o.o. must be taken to represent 10 o.o. of urine ; the 
excess in either case of baryta must be eautioiuUf neutralized with nitric 
acid. 

The vessel containing the fluid is then brought under a Mohr's burette 
containing the mercurial solution, and small portions delivered in with 
stirring, until a distinct permanent precipitate is produced. The volume of 
solution used is then read off and calculated for 1000 parts of urine. 

Example: 15 c.c. of the liquid prepared with a sample of urine, as 
described above ( = 10 c.o. of urine), required 6*2 c.c. of mercurial solution : 
the quantity of salt present was therefore 0062 gm., or 6*2 parts in 1000 
parts of urine. 



8. Efltimation of Urea (Llebiff). 

The combination between urea and mercuric oxide in neutral or 
alkaline solutions has been alluded to in the foregoing article on 
chlorides ; it will therefore probably be only necessary to say that 
the determination of urea in urine is based on that reaction ; and 
as the precipitate so produced is insoluble in water or weak alkaline 
solutions it is only necessary to prepare a standard solution of 
mercury of convenient strength, and to find an indicator by which 
to detect the point when all the urea has entered into combination 
with the mercury, and the latter slightly predominates. This indi- 
cator is sodic carbonate. Liebig's instructions are, that when in 
the course of adding the mercurial solution from the burette to the 
urine, a drop of the mixture be taken from time to time and 
brought in contact with a few drops of solution of sodic carbonate 
on a glass plate or in a watch-glass, no change of colour should bo 
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produced at the point of contact until the free urea is all removed ; 
when this is the case, and the mercury is slightly in excess, a yellow 
colour is produced, owing to the formation of hydrated mercurio 
oxide. 

The compound of urea and mercury consists, according to 
Liebig's analysis, of 1 eq. of the former to 4 eq. of the latter ; 
that is to say, if the nitric acid set free by the mixture is neu- 
tralized from time to time with sodic carbonate or other suitable 
alkali. If this be not done, the precipitate first formed alters in 
character, and eventually consists only of 3 eq. of mercury with 1 
of urea. In order to produce the yellow colour with sodic 
carbonate, there must be an excess of mercurial solution. Theo- 
retically, 100 parts of urea should require 720 parts of mercuric 
oxide; but practically, 772 parts of the latter are necessary to 
remove all the urea, and at the same time show the yellow colour 
with alkali; consequently the solution of mercuric nitrate must 
be of empirical strength, in order to give accurate results. 

Preparation of the Mercuric Solution. — 77*2 gm. of red 
mercuric oxide, or 71*5 gm. of the metal itself, are treated with 
nitric acid, as described in the previous article on chlorides, and 
in either case diluted to 1 liter : 1 c.c. of the solution is then 
equal to 0*01 gm. of urea. (The extreme care required to remove 
traces of foreign metals from the mercury is not so necessary hero 
as in the foregoing instance, but no large amount of free acid must 
be present.) Dragendorff prefers to use mercuric chloride in 
the preparation of the standard solution, by weighing 96*85d gm. 
of the pure salt, which is dissolved in water, then precipitated with 
dilute caustic soda, the precipitate well washed by decantation 
until free from chlorine, then dissolved in a slight excess of nitric 
acid, and the solution diluted to 1 liter. 

The Analytical Froce99 : Two volumes of the urine are mixed with one 
of baryta Bolution, as before described in the case of chlorides (reserving the 
precipitate for the determination of phosphoric acid, if neceesary), and 16 c.c. 
(=10 CO. of urine) taken in a small oeaker for titration ; it is brought under 
the burette containing the mercurial solution (without neutralising the 
exoess of baryta^ as in the case of chlorides), and the solution added in small 
quantities so long as a distinct precipitate is teen to form. A plate of glass 
&id over dark paper is previously sprinkled with a few drops of solution of 
sodic carbonate, and a drop of the mixture must be brougnt from time to 
time, by means of a small glass rod, in contact with the soda. So long as the 
colour remains white, free urea is present in the mixture ; when the yellow 
colour is distinctly apparent, the addition of meroory is discontinued, and 
the quantity used calculated for the amount of urea. It ia always advisable 
to repeat the amdysis, taking the first titration as a guide for a more accurate 
estimation by the second. 

ExampU : 16 o.c. of urine deprired of jphosphates (=10 c.c. of the orig[ina 
urine) were titnted as described, and required 17*6 c.c. of mercurial solution ; 
oonsequently there was 0*176 gm. of urea present in the 10 cc, or 17'6 parts 
in the 1000 of urine. 
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The experiments of Bautenberg {Ann. d, Chem, u, Pharm, 
cxxxiii. p. 55) and Pf liiger (Z. a. O. xix. p. 375) show, however, 
that the method, as devised by Liebig, is open to serious errors, 
due to the uncertainty in the point of neutralization. 

Pfliiger's researches are very complete, and lead to the follow- 
ing mocSfication of the process. 

A solution of pure urea is prepared containing 2 gm. in 100 c.c. 
10 c.c. of this solution is placed in a beaker, and 20 cc. of the 
mercury solution ran into it in a continuous stream ; the mixture is 
then immediately brought under a burette containing normal sodic 
carbonate, and this solution is added with constant agitation until 
a permanent yellow colour appears. The volume of soda solution 
so used is noted as that which is necessary to neutralize the acidity 
produced by 20 c.c of the mercury solution in the presence of urea. 
Pf liiger found that by titrating 10 cc. of the urea solution by 
small additions of the mercury, and occasional neutralization, the 
end of the reaction occurred generally at from 17*2 to 17*8 cc of 
mercury ; but when he ran in boldly 19*7 c.c of mercury, followed 
immediately by normal sodic carbonate to near neutrality, then 
alternately a drop or two of first mercury, then soda, the exact 
point was reached at 20 c.c. of mercury ; and when 10 c.c. of the 
mercury solution which gave this reaction were analyzed as sulphide 
by weight, a mean of several determinations gave 07726 gm. of 
HgO, which agrees very closely with Liebig's number. 

In the case of titrating urine, the following method is 
adopted : — 

A plate of ooloorlefls glafls is laid upon black cloth, and some drops of a 
thick mixture of sodic bicarbonate (free from carbonate) and water placed 
upon it at conyenient distances. The mercury solution is added to the urine 
in such Tolume as is judged appropriate^ and from time to time a drop of the 
white mixture is placed beside the bicarbonate so as to «touch, but not mix 
completely. At first the urine mixture remains snow-white, but with 
farther additions of mercury a point at last occurs when the white gires 
place to yellow. VHien the colour has developed itself, both drops are rubbed 
quickly together with a glass rod : the colour should disappear. Further 
addition of mercury is made cautiously until a faint yellow is permanent. 
Now is the time to neutralize by the addition of the normal soda to near the 
volume which has been found necessary to completely neutralize a given 
volume of mercury solution. If the time has not been too long in reaching 
this point, it will be found that a few tenths of a c.o. will suffice to complete 
the reaction. If, however, much time has been consumed, it may occur that, 
notwithstanding the mixture is distinctly acid, the addition of soda produces 
a more or less yellow colour : in this case, nothing is left but to go over the 
analysis again, taking the first trial as a guide for the quantities of mercury 
and soda solutions, which should be delivered in one after the other as speedily 
as possible until the exact end is reached. 

It is absolutely necessary, with this modified process, to render 
the urine perfectly neutral, after it is freed from phosphates and 
sulphates, by baryta solution. 
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Corrections mid Modifications, — In certain cases the results 
obtained by the above methods are not strictly correct, owing to 
the variable state of dilution of the liquid, or the presence of 
matters which affect the mercury solution. The errors are, however, 
generally so slight as not to need correction. Without entering 
into a full description of their origin, I shall simply record the 
fietcts, and give the modifications necessary to be made where 
thought desirable. 

The Urine contains more than 2 per cent, of Urea, 
ie, more than 20 parts per 1000. This quantity of urea would 
necessitate 20 cc. of mercurial solution for 10 c.c. of urine. All 
that is necessary to be done when the first titration has shown that 
over 2 per cent, is present, is to add half as much water to the urine 
in the second titration as has been needed of the mercurial solution 
above 20 cc. Suppose that 28 c.c. have been used at first, the 
excess is 8 cc, therefore i cc. of water are added to the fluid 
before the second experiment is made. 

The Urine contains less than 2 per cent, of Urea. In 
this case, for every 4 cc. of mercurial solution less than 20, 0*1 cc 
must be deducted, before calculating the quantity of urea ; so that 
if 16 cc have been required to produce the yellow colour with 
10 cc urine, 15*9 is to be considered the correct quantity. 

The Urine contains more than 1 per cent, of Sodic 
Chloride, t,e. more than 10 parts per 1000. In this case 2 c.c. 
must be deducted from the quantity of mercurial solution actually 
required to produce the yellow colour, with 10 cc of urine. 

The Urine contains Albumen. In this case 50 cc. of 
the urine are boiled with 2 drops of strong acetic acid to coagulate 
the albumen, the precipitate allowed to settle thoroughly, and 
30 c.c of the clear liquid mixed with 15 cc. of baryta solution, 
filtered, and titrated for both chlorides and urea, as previously 
described. 

The Urine contains Ammonic Carbonate. The presence 
of this substance is brought about by the decomposition of urea, 
and it may sometimes be of interest to know the quantity thus 
produced, so as to calculate it into urea. 

As its presence interferes with the correct estimation of urea 
direct^ by mercurial solution, a portion of the urine is precipitated 
with baryta as usual, and a quantity, representing 10 c.c. of urine, 
evaporated to dryness in the water bath to expel the ammonia, the 
residue then dissolved in a little water, and the urea estimated in 
the ordinary way. On the other hand, 50 or 100 cc. of the urine, 
not precipitated with baryta, are titrated with normal sulphuric acid 
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and litmus paper, each c.c. of acid representing 0*017 gm. of 
ammonia, or 030 gm. of oi-ea. 

PflUger's correction for concentration of the urea differs from 
Liebig's, his rule being as follows : — 

Oiven the yolume of urea solution + the Tolume of NaCO' required + 
the Tolame of any other fluid free from urea which may be added, and call 
this y^ ; the volume of mercury solution is V^; the correction^ C, is then 

C= — (Vi— V^) x008. 

This formula holds good for oases where the total mixture is less than three 
times the volume of mercury used. 
With more concentrated solutions this formula gives results too high. 



4. Bstlmation of Urea by its oonveraion into Kitroaren Oas. 

If a solution of urea is titrated with an alkaline solution of 
hypochlorite or hypobromite, the urea is rapidly decomposed and 
nitrogen evolyed, which can be collected and measured in any of 
the usual forms of gas apparatus described in the section on 
analysis of gases. 

Test experiments with pure urea have shown, that the whole of 
the nitrogen contained in it are eliminated in this process, with the 
exception of a constant deficit of 8 per cent. In the case of urine 
there are other nitrogenous constituents present, such as uric acid, 
hippuric acid, and creatinine, which render up a small proportion 
of their nitrogen in the process, but the quantity so obtained is 
insignificant, and may be disregarded. Consequently, for all 
medical purposes, this method of estimating urea in urine is 
sufficiently exact. 

In the case of diabetic urines, however, Mehii and others have 
pointed out that this deficiency is diminished, and if, in addition 
to the glucose present^ cane sugar be also added, it will almost 
entirely disappear. Mehii therefore recommends that in the 
analysis of saccharine urines cane sugar be added to ten times the 
amount of urea present, when the difference between the actual and 
theoretical yield of nitrogen will not exceed I per cent (Bull Soc. 
Chim. [21 xxxiii p. 410). 

Eussell and West (J, C. 8. [2] xiL p. 749) have described a 
very convenient apparatus for working the process, and which gives 
very good results in a short space of time. This method has given 
rise to endless forms of apparatus devised by various operators, 
including Mehii, Yron, Dupr6, Apjohn, Maxwell Simpson, 
O'Keefe, &c., &c. : the principles of construction are all, however, 
the same. Those who may wish to construct simple forms of 
apparatus from ordinary laboratory appliances, will do well to refer 
to the arrangements of Dupr^ (/. C. S. 1877, p. 534) or Maxwell 
Simpson {ibid, p. 538). 
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Fig. 40. 



The apparatus devised by Russell and West is shown in 
fig. 40, and may be verbally described as follows : — 

The tube for decomposing the urine 
is about 9 inches long, and about half 
an inch inside diameter. At 2 inches 
from its closed end an elongated bulb is 
blown, leaving an orifice at its neck of 
I of an inch in diameter; the bulb 
should hold about 12 c.c. The mouth 
of this tube is fixed into the bottom of 
a tin tray about If inch deep, which 
acts as a pneumatic trough ; the tray is 
supported on legs long enough to allow 
of a small spirit lamp being held under 
the bulb tube. The measuring tube 
for collecting the nitrogen is graduated 
into cubic centimeters, and of such size 
as to fit over the mouth of the decom- 
posing tube; one holding about 40 cc. 
is a convenient size. Bus s el and We s t 
have fixed by experiment the propor- 
tions, so as to obviate the necessity for 
correction of pressure and temperature, 
namely, 37*1 c.c. = 0*1 gm. of urea, since they found that 5 c.c. 
of a 2 percent, solution of urea constantly gave 37*1 cc of nitro- 
gen at ordinary temperatures and pressures. The entire apparatus 
can be purchased of most operative chemists for a moderate sum. 

Hypohromite Solution, — This is best prepared by dissolving 
100 gm. of common caustic soda in 250 c.c. of water and adding 
25 c.c of bromine; this mixture gives a rapid and complete 
decomposition of the urea. It is always best prepared in small 
quantities as required. 

Th$ Analytical Proee9$ : 6 c.c. of the urine are measured into the bulb- 
tube, fixed in its proper position, and the sides of the tube washed down 
with distilled water so that the bulb is filled up to its constriotion. A glass 
rod, having a thin band of india-rubber on its end, is then passed down into 
the tube so as to plug up the narrow opening of the bulb. The hypobromite 
solution is then poured into the upper part of the tube until it is full, and 
the trough is afterwards half filled with water. 

The graduated tube is filled with water, the thumb placed on the open end^ 
and the tube is inverted in the trough. The glass rod is then pulled out^ 
and the graduated tube slipped over the mouth of the bulb-tube. 

The reaction oommenoes immediately, and a torrent of gas rises into the 
measuring tube. To prevent any of the gas being forced out by the reaction, 
the upper part of the bulb-tube is slightly narrowed, so that the gas is 
directed to the centre of the tube. With the strength of hypobromite 
solution above described, the reaction is complete in the cold in about ten or 
fifteen minutes; but in order to expedite it, the bulb is slightly warmed. 
This causes the mixing to take place more rapidly, and the reaction is then 
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complete in five minutes. The reaction will be rapid and complete only 
when there is considerable excess of the hypobromite present. After the 
reaction the liquid should still have the characteristic colour of the hypo- 
bromite solution. 

The amount of coDBtriction in the tube is by no means a matter 
of indiiference, as the rapidity with, which the reaction takes place 
depends upon it. If the liquids mix too quickly, the evolution of 
the gas is so rapid that loss may occur. On the other hand, if the 
tube is too much constricted, the reaction takes place too slowly. 

The simplest means of supporting the measuring tube is to have 
the bulb-tube corked into a well, which projects from the bottom of 
the trough about one inch downward& The graduated tube stands 
over the bnlb-tube, and rests upon the cork in the bottom of the 
well It is convenient to have, at the other end of the trough, 
another well, which will form a support for the measuring tube 
when not in use. 

To avoid all calculations, the measuring tube is graduated so that 
the amount of gas read off expresses at once what may be called 
the per-centage amount of urea in the urine experimented upon ; 
i,e, the number of grams in 100 cc, 5 c.c. being the quantity of 
urine taken in each case. The gas collected is nitrogen saturated 
with aqueous vapour, and the bulk will obviously be more or less 
affected by temperature and pressure. Alterations of the barometer 
produce so small an alteration in the volume of the gas, that it 
may be generally neglected; e.g, if there are 30 cc. of nitrogen, 
the quantity preferred, an alteration of one inch in the height of 
barometer would produce an error in the amount of urea of about 
0*003 j but for more exact experiments, the correction for pressure 
should be introduced. 

In the wards of hospitals, and in rooms where the experiments 
are most likely to be made, the temperature will not vary much 
from 65^ F., and a fortunate compensation of errors occurs with 
this form of apparatus under these circumstances. The tension of 
the aqueous vapour, together with the expansion of the gas at this 
temperature^ almost exactly counterbalances the loss of nitrogen in 
the reaction. 

The authors found from experience that 5 c.c. of urine is the 
most advantageous quantity to employ, as it usually evolves a con- 
venient bulk of gas to experiment with, i.e. about 30 cc. They 
have shown that 5 cc. of a standard solution containing 2 per cent, 
of urea evolve 37*1 cc of nitrogen, and have consequently taken 
this as the basis of the graduation of the measuring tube. This 
bulk of gas is read of at once as 2 per cent of urea, and in the 
same way the other graduations on the tube represent per-centage 
amounts of urea. 

If the urine experimented with is very rich in urea, so that the 
5 cc evolve a much larger volume of gas than 30 c.c, then it is 
best at once to dilute the urine with its own bulk of water ; take 
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5 C.C. of this diluted urine, and multiply the volume of gas 
obtained by two. 

If the urine contains much albumen, this interferes with the 
process so far that it takes a long time for the bubbles of gas to 
subside, before the volume of gas obtained can be accurately read 
off. It is therefore better in such cases to remove as much as 
possible of the albumen by heating the urine with two or three 
drops of acetic acid, filtering, and then using the filtrate in the 
usual manner. 



6. EBtimation of Phosphorlo Acid (see alao § 69). 

The principle of this method is fully described at p. 232. 
The following solutions are required : — 

(1) Standard Umnic Acetate (see p. 233). 

(2) Standard Phosphoric Acid (see p. 233). 

(3) Solution of Sodic Acetate (see p. 233 [c]). 

(4) " A Solution of Potassic Ferrocyanide, — About 1 part to 20 
of water, freshly prepared, or some of the finely powdered salt. 

The Analytical Proceu : 50 o.o. of the clear urine are measured into a 
BDiall beaker, together with 6 o.o. of the solatipn of sodic acetate. The 
mixture is then wanned in the water bath, or otherwise, and the uranium 
solution delivered in from the burette, with constant stirring, as long as a 
precipitate is seen to occur. A small portion of the mixture is then removed 
with a glass rod and tested as described (p. 234) ; so long as no brown oolour 
is produced, the addition of uranium may be continued ; when the faintest 
indication of this reaction is seen, the process must be stopped, and the 
amount of colour observed. If it coincides with the original testing of the 
uranium solution with a similar quantity of fluid, the result is satisfactory, 
and the quantity of solution used may be calculated for the total phosphoric 
acid contained m the 60 o.o. of urine ; if the uranium has been used acci- 
dentally in too great quantity, 10 or 20 c.o. of the same urine may be added, 
and the testing concluded more cautiously. Suppose, fbr example, that the 
solution has been added in the right proportion, and 192 o.o. usea, the 50 c.o. 
will have contained 0*096 gm. phosphoric acid (=1*92 per 1000). With care 
and some little practice the results are very satisfactory. 

Earthy Phosphates : The above determination gives the total amount of 
phosphoric acid, but it may sometimes be of interest to know how much of 
it is combined with lime and magnesia. To this end 100 or 200 c.o. of the 
urine are .measured into a beaker, and rendered freely alkaline with ammo- 
nia ; the vessel is then set aside for ten or twelve hours, for the predpitaie 
of earthy phosphates to settle : the clear fluid is then decanted t^ugh a 
filter, the precipitate brought upon it and washed with ammoniaoal water ; a 
hole is then made in the filter and the precipitate washed through ; the paper 
moistened with a little acetic acid, and washed into the vessel containing the 
precipitate, which latter is dissolved in acetic acid, some sodic acetate added, 
and the mixture diluted to about 50 c.c. and titrated as before described ; the 
quantity of phosphoric acid so found is deducted from the total previously 
estimated, and the remainder gives the quantity existing in combination with 
alkalies. 
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6. Estimation of the Sulphuric Aoid. 

Standard Baric Chlmnd^, — ^A quantity of crystallized baric 
chloride is to be powdered, and dried between folds of blotting- 
paper. Of this, 30*5 gm. are dissolved in distilled water, and the 
liquid made up to a liter. 1 c.c. = O'Ol gm. of SO'. 

Solution of Sodic Sulphate. — 1 part to 10 of water. 

Tke Analytical Proce9$ : 100 0.0. of the urine are poured into a beaker, 
a little hydrochlorio acid added, and the whole placed on a small sandbath, 
to which heat is applied. When the solution boils, the baric chloride is 
allowed to flow in very gradually as long as the precipitate is seen distinctly 
to increase. The heat is removed, and the vessel Jlowed to stand still, so 
that the precipitate may subside. Another drop or two is then added, and so 
on, until the whole of the 80^ is precipitated. Much time, however, is saved 
by using Beale's filter, represented in fig. 88. A little of the fluid is thus 
filtered clear, poured into a test-tube, and tested with a drop from the burette; 
this is afterwards returned to the beaker, and more of the test solution added, 
if necessary. The operation is repeated until the precipitation is complete. 
In order to be sure that too much of the baryta solution has not been added, 
a drop of the dear fluid is added to the solution of sodic sulphate placed in a 
test-tube or upon a small mirror (see § 73.3). If no precipitate occurs, more 
baryta must be added; if a slight cloudiness takes place, the analysis is 
finished; but if much precipitate is produced, too large a quantity of the 
test has been used, and the analysis must be repeated. 

For instance, suppose that 18*5 c.c. have been added, and there 
is still a slight cloudiness produced which no longer increases after 
the addition of another \ cc, we know that between 18^ and 
19 cc. of solution have been required to precipitate the whole of 
the sulphuric acid present, and that accordingly the 100 cc. of 
urine contain between 0*185 and 0*19 gm. of SO'. 



7. Estimation of Sn^ar. 
Fehling's method is precisely the same as described in § 71. 

7^ AnalyHeal Froosa : 10 cc. of the clear urine are diluted by means 
of a measuring flask to 200 c.c. with water, and a large burette filled with 
the fiuid; 10 c.c. of the copper solution (=0*05 gm. of sugar) are then 
measured into a white poroekun capsule, 40 cc. of distilled water added, the 
vessel arranged over a spirit or gas lamp under the burette, and brought to 
boiling ; the diluted urine is then delivered in cautiouslv from the burette 
until the bluish colour has nearly disappeared. The addition of the urine 
must then be continued more carefully, allowing the red precipitate to subside 
after each addition by removing the heat, when by gently sloping the capsule, 
the clear liquid allows the white sides of the capsule to be seen, so that the 
faintest shade of blue would be at once perceptible. When the colour is all 
removed, the burette is read off", and the quantity of sugar in the urine 
calculated as follows : — 

Suppose that 40 c.c. of the diluted urine have been required to reduce the 
10 c.c. of copper solution, that quantity will have contained 0*05 gm. of 
sugar ; but, the urine being diluted 20 times, the 40 c.c. represent only 2 cc. 
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of ihe original urine ; therefore 2 c.c. of it contain 0*05 gm. of sugar, or 
25 parts per 1000. 

Pavy's latest instructionB for preparing the Fehling copper 
solution to use with ammonia are as follows :— • 

Cupric Sulphate 34 '65 gm . 

EochelleSalt 173-0 •„ 

Caustic Potash ...... 1600 „ 

Water sufficient to make up 1 liter. 

120 C.C. of this solution are mixed with 300 cc. of ammonia 
(sp.gr. 0*88), and diluted to 1 liter; the reduction power of 
glucose on this liquid being in the ratio of 6 equiyalents of copper 
instead of 5, 100 c.c. of it will represent, not 12 c.o. of Fehling, 
but only 10 c.c. (=0*05 gm. of glucose). 

The ammoniacal fumes are best absorbed by leading an elastic 
tube from the reduction flask into a beaker of water ; the end of 
the tube should be plugged with a piece of solid glass rod, and a 
transverse slit made in the elastic tube just above the plug. This 
valve allows the vapours to escape, but prevents the return of the 
liquid in case of a vacuum. 

Knapp's method, which is equally applicable to urine, is 
described in § 71. 

8. Estimation of Uric Acid. 

The determination of uric acid in urine is not often considered 
of much consequence; there are, however, circumstances under 
which it is desirable, especially in urinary deposit& As the 
quantity present in urine is very small, it is necessaiy to take^ say 
from 200 to 500 c.c. for the estimation. 

The urine beinff measured into a beaker, from 5 to 8 o.c. of pure hydro- 
chloric acid are added, the whole well mixed, covered with a glass plate, and 
set aside in a cellar for 24 or 80 hours ;*^ at the end of that time the uric add 
will be precipitated in small crystals upon the bottom and sides of the beaker. 
The supernatant liquid is decanted, washed once with odd distilled water, 
then dissolved in a small quantity of pure solution of potash, diluted to 
160 CO. or so with distilled water, aoidifted strongly with sulphuric acid, and 
titrated precisely as oxalic add (§ 31.2 c), with ^ permanganate, each e.o. 
of which is equal to 0*0075 gm. of uric acid. This method is not absolutely 
correct^ owing to the fact that with the urio acid there is always precipitated 
a certain amount of colouring matter of the urine, which de0tro;fB tiie per- 
manganate equally with the urio acid. The method by weighing is, however, 
open to the same objection, beside being very troublesome, so l£iat no advan- 
tage is gained by the latter plan. H assail states that the normal quantity 
of urio acid in urine has hitherto been considerably under-estimated, and 
that if the urine is concentrated by evaporation before precipitating with 
hydrochloric acid, a much larger quantity will be obtained (see Lancet, 
Feb. 1865). 

* If aOO O.C. of urine are Tiol^iitly agitated for 5 minutes with 5 o.c. of faming HCl 
the Beparation will be complete in an hour. 
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Pavy (C. N. xxxix. p. 250) states tliat uric acid exerts a reducing 
action upon Fehling's copper solution equally as precise as glucose, 
and recommends the ammoniacal copper test (p. 262) as a speedy 
and accurate method of estimating uric acid. 

The ratio of reduction given by him is, that 1 equivalent of uric 
acid reduces 3 equivalents of cupric oxide. No details of manipu- 
lation are given, but obviously the separation of the acid is best 
made as above described, and the dilute alkaline solution of uric 
acid delivered from a burette into the copper test in the same way 
as described for sugar. 

The process and reaction require confirmation. 



0. Sstimation of Lime and Xagnesla. 

100 CO. of the urioe are precipitated with ammonia^ the precipitate redis- 
BoWed in aoetio acid, and sufficient ammonio oxalate added to precipitate all 
the lime present as oxalate. The precipitate is allowed to settle in a warm 
place, then the dear liquid passed through a small filter, the precipitate 
Drought upon it» wished with hot water, the filtrate and washings set aside, 
then the precipitate, together with the ^ter, pushed through the funnel into 
a flask, some sulphuric acid added, the liquid freely diluted, and titrated with 
permanganate, predsely as in § 48 ; each c.o. of ^ permanganate required 
represents 0*0028 gm. of lime (GaO). 

Instead of the above method the following may be adopted : — 

The precipitate of calcic oxalate, after being washed, is dried and, together 
with the filter, ignited in a platinum or porcelain orudble, by which means 
it is converted mto a mixture of caloio oxide and carbonate. It is then 
transferred to a flask by the aid of the washing bottle, and an excess of ^ 
nitric acid delivered in with a pipette. The amount of acid, over and above 
what is required to saturate the hme, is found by ^ caustic alkali, each c.c. 
of acid being equal to 0*0028 gm. of CaO. 

In examining urinary sediment or calculi for calcic oxalate^ it is 
first treated with caustic potash to remove uric acid and organic 
matter, then dissolved in sulphuric acid, freely diluted, and titrated 
with permanganate ; each c.c. of |^ solution represents 00054 gm. 
of calcic oxalate. 

Magnesia. — ^The filtrate and washings from the precipitate of 
calcic oxalate are evaporated on the water bath to a small bulk, 
then made alkaline with ammonia, sodic phosphate added, and set 
aside for 8 or 10 hours in a slightly warm place, that the magnesia 
may separate as ammonio-magnesic phosphate. The supernatant 
liquid is then passed through a small filter, the precipitate brought 
upon it, washed with ammoniacal water in the cold, and dissolved in 
acetic acid, then titrated with uranium solution, as ia § 69 ; each 
c.a of solution required represents 0*002815 gm. of magnesia. 

X 2 
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10. Ammonia* 

The only method hitherto applied to the determination of am- 
monia in urine is that of Schldsing, which consists in placing a 
measured quantity of the urine, to which milk of lime is previously 
added, under an air-tight bell-glass, together with an open vessel 
containing a measured quantity of titrated acid. In the course of 
from 24 to 36 hours all the ammonia will have passed out of the 
urine into the acid, which is then titrated with standard alkali to 
find the amount of ammonia absorbed. 

One great objection to this method is the length of time required, 
since no heating must be allowed, urea being decomposed into free 
ammonia, when heated with alkali. There is also the uncertainty 
as to the completion of the process ; and if the vessel be opened 
before the absorption is perfect, the analysis is spoiled. The 
following plan is recommended as in most cases suitable : — When 
a solution containing salts of ammonia is mixed with a measured 
quantity of free fixed alkali of known strength, and boiled until 
ammoniacal gas ceases to be evolved, it is found that the resulting 
liquid has lost so much of the free alkali as corresponds to the 
ammonia evolved (§ 18); that is to say, the acid which existed in 
combination with the ammonia in the original liquid has simply 
changed places, taking so much of the fixed alkali (potash or soda) 
as is equivalent to the ammonia it has left to go free. In the case 
of urine being treated in this way, the urea will also be decomposed 
into free anmionia, but happily in such a way as not to interfere 
with the estimation of the original amount of ammoniacal salts. 
The decomposition is such that^ while free ammonia is evolved from- 
the splitting up of the urea, carbonate of fixed alkali (say potash) 
is formed in the boiling liquid, and as this reacts equally as alkaline 
as though it were free potash, it does not interfere in the slightest 
degree with the estimation of the original ammonia. 

The following is the best method of procedure : — 

100 CO. of the urine are exactly neutralized with j\ soda or potash, as for 
the estimation of free acid ; it is then put into a flask capable of holding 
five or six times the quantity^ 10 o.c. of normal alkali added, and the 
whole brought to hoiling, taking care that the bladders of froth which at 
first form do not boil over. After a few minutes these subside, and the boiling 
proceeds quietly. When all ammoniacal fumes are dissipated, the lamp is 
removed, and we flask allowed to cool slightly ; the contents then emptied 
into a tall beaker, and normal nitric acid delivered in from the burette with 
constant stirring, until a fine glass rod or small feather dipped in the mixture 
and brought in contact with violet-coloured litmus paper produces neither 
a blue nor a red spot. The number of c.o. of normal acid are deducted from 
the 10 c.c. of alkfdi, and the rest calculated as ammonia. 1 o.c. of alkflJi= 
0*017 gm* of ammonia. 

Sxample : 100 c.o. of urine were taken, and required 7 o.c. of ^% alkali 

to saturate its free acid; 10 c.c. of normal alkali were then added, and the 

* mixture boiled until a piece of moistened red litmus paper was not turned 



Digitized by VjOOQIC 



§ 80. VOLUMETRIC ANALYSIS. 809 

blue when held in the steam ; 4*5 o.c. of normal acid were afterwards required 
to saturate the free alkali; the quantity of ammonia- was therefore equal to 
6'5 c.c, which, multiplied by 001 7, gave 0*0936 gm. in 1000 of urine. 

It must be borne in mind, that the plan just described is not applicable to 
urine which has already suffered decomposition by age or other circumstances 
so as to contain carbonate of ammonia ; in this case it would be preferable to 
adopt Schldsing's method; or where no other free alkali is present, direct 
titration with normal acid may be adopted. 



11. Eatimatlon of Free Acid. 

The acidity of urine is doubtless owing to variable substances, 
among the most prominent of which appear to be acid sodic phos- 
phate and lactic acid. Other free organic acids are probably in many 
cases present. Under these circumstances, the degree of acidity 
cannot be placed to the accouut of any particular body ; neverthe- 
less, it is frequently desirable to ascertain its amount, which is best 
done as follows : — 

100 c.c. of urine are measured into a beaker, and ^ alkali delivered in 
from a small burette, until a thin glass rod or feather, moistened with the 
mixture and streaked across some well-prepared violet litmus paper, produces 
no change of colour ; the degree of acidity is then registered as being equal 
to the quantity of ^jj alkali used. 

12. Eatimation of Albumen.. 

(a) By Weight : 100 CO. of the dear urine (or less than that quantity if 
much albumen is present, the 100 o.c. being made up with water) are 
introduced into a good-sized beaker, and heated in the water bath for half an 
hour. If the unne is sufficiently aoid, the albumen will be separated in 
flocks. Should this not be the case at the end of the half-hour's heating, 
and the fluid merely appears turbid, one or two drops (not more, unless the 
urine is alkaline) of acetic aoid are added, and the heating continued until 
the albumen separatee in flocks ; the beaker is then put aside till the precipi- 
tate has settled, and the clear liquid passed through a small filter (previously 
dried at 212°, then cooled between two watch-glasses held together with a 
spring dip, and weighed) ; the precipitate is then washed with a little hot 
water, and brought upon the filter without loss, the beaker washed out with 
hot distilled water, and the last traces of precipitate loosened from the sides 
with a feather. The filter, with its contents, is then repeatedly washed with 
hot water, until a drop of the filtrate evaporated on a piece of glass leaves no 
residue. The funnel containing the filter is then put into a warm plaoe to 
dry gradually ; lastly, the filter removed into one of the watch-fflaases and 
dried thoroughly in the air-bath at 110° C, or 220° Fahr. ; another watch- 
glass is then covered over that containing the filter, the spring clip passed 
over to hold them together, the whole cooled under the exsiooator and 
weighed. The weight of the glasses, filter, and clip, deducted from the total, 
gives the weight of albumen in 100 c.c. of urine. 

(&) By MMsvre : In order to avoid the tedious process of estimating the 
albumen as just described, B5deker devised a method of titration which 
gives approximate results when the quantity of albumen is not too small, say 
not less than 2 per cent. The principle is based on the fact that, potassio 
ferrocyanide completely precipitates albumen from an acetic acid solution in 
the atomic proportions of 211 ferrocyanide to 1612 albumen. 
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Standard Solution of Ferrocyanide.—MBde by dissolving 1-309 
gm. of the pure salt in a liter of distilled water. 1 c.c. of the 
solution precipitates 0*01 gm. of albumen. It must be freshly 
prepared. 

The Analfftieal Proeeu: 60 o.o. of the dear filtered urine ire miied 
with 60 CO. of ordinaiy oommeroial aoetio acidi and the fluid put into a 
burette. Fi?e or six small filters are then ohoeen, of oloee texture, and put 
into M many funnels, then moistened with a few drops of aoetic acid, and 
filled up with boiling water ; by this means the subsequent dear filtration of 
the mixture is oonsiderablv^adlitated. 10 c.c. of the ferrooyanide solution 
are then measured into a beaker, and 10 c.o. of the urinary fiuid from the 
burette added, well shaken, and poured upon filter No. 1. If the fiuid which 
passes through is bright and clear with yellowish colour, the ferrooyanide 
will be in excess, and a drop of the urine added to it will produce a doudiness. 
On the other hand, if not enough ferrooyanide has been added, the filtrate 
will be turbid, and naas through veiy slowly; in this case, frequently both 
the ferrooyanide and the urine will produce a turbidity when added. In 
testing tiie filtrate for excess of ferrooyanide, care must be taken not to add 
too much of the urine, lest the predpitate of hydrof errocyanide of albumen 
should dissoWe in the excen of albumen. 

According to the results obtained from the first filter, a second trial is made, 
increasing the quantity of urine or f errocyanide half or as much again, and 
so on unm it is found that the solution first shown to be in excess is rerereed. 
A trial of the mean between this quantity and the previous one will bring 
the estimation doser, so that a final test may be decisive. 

ExampU : 60 c.c. of urine passed by a patient suffering from B right's 
disease were mixed with the like quantity of acetic acid, and tested as 
follows : — 

TTrine. Ferrooyanide. 

CO. 



1. 


10 o.a 


10 


a. 


10 „ 


20 


8. 


10 „ 


16 


4. 


10 ,. 
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Therefore, the 10 c.c. of diluted urine (ss6 cc. of the original 
secretion) contained 0*18 gm. albumen, or 36 parts per 1000. 

18. Batlmation of Soda and Potash. 

60 0.0. of urine are mixed with the same quantity of baryta sdution, 
allowed to stand a short time, and filtered; then 80 cc. (=40 c.o. urine) 
measured into a platinum dish, and evaporated to dryness in the water bath ; 
the residue is then ignited to destroy all organic matter, and when cold 
dissolved in a small quantity of hot water, ammonic carbonate added so long 
as a predpitate occurs, filtered through a small filter, the precipitate washecC 
the filtrate acidified with hydrochloric acid and evaporated to dryness, then 
cautiously heated to expel all ammoniacal salts. The residue is then treated 
with a little water and a few drops each of ammonia and ammonic carbonate, 
filtered, the filter thoroughly washed, the filtrate and washings recdved into a 
tared platinum dish, then evaporated to dryness, ignited, oocled, uid weighed. 

By this means the total amount of mixed sodic and potassic 
chlorides is obtained. The proportion of each is found by titrating 
for the chlorine as in § 38, and calculating as directed on p. 111. 
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14. Estimation of Total SoUd Matter. 

The correct determination of the total solid matter is a very 
difficult task, owing to the fact that, on the one hand, the residue 
is very hygroscopic, and, on the other, that a partial decomposition 
of the urea takes place by heating it to a sufficient temperature to 
expel all the water. A tolerably satisfactory plan is to measure 
5 c.c into a shallow platinum or porcelain capsule, which is placed 
beside a vessel of strong sulphuric acid, under the receiver of a 
powerful air-pump, and kept in vacuo until all moisture is removed 

A rough estimation may be made by evaporating 10 or 20 c.c. of 
the urine on the water bath, then drying in the air-bath at 115° C. 
or 230° Fahr., until the weight remains tolerably constant. 

The only correct method is to introduce a measured portion of 
the urine, not more than 2 or 3 c.c. (contained in a small boat- 
shaped capsule, filled with fragments of glass), into a wide glass 
tube passing through boiling water, to one end of which is attached 
an aspirator, to the other a chloride of calcium tube* Between the 
aspirator and the tube containing the urine a small fladk is inserted, 
containing a measured quantity of normal sulphuric acid, so that 
any ammonia given off in the evaporation is retained, and its 
quantity afterwards found by titration with normal alkali; it is 
then calculated into urea, and its weight added to the dry residue 
actually found. For further details see Neubauer's paper 
(Z. a. a ii p. 166). 



16. Sstimatlon of the Total Saline ICatter. 

A measured portion of the urine, say 10 cc, are evaporated to 
dryness in a small porcelain crucible, about 10 drops of nitric acid 
added, and the crucible gradually heated to dull redness; it is then 
suffered to cool, and the same quantity of nitric acid again added ; 
then heated up again gradually to a moderately strong heat until 
all the carbon is destroyed and the residue white ; it is then cooled 
and weighed. 



AlTAIiYSIS OF SOILS. 

§ 81. The following instructions for the examination of soils are 
not given so much for the use of practised scientific chemists, as 
for the guidance of those who may not have the advantage of a 
complete laboratory, or who may only desire to estimate some of 
the principal constituents of a soil. 

The following instructions for mechanical analysis, the importance 
of which cannot be overrated, are by Noad. 
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1. JCeohaaioal Analysis of a Soil. 

(a) Selection of Hie Sample. — ^Too much care cannot be taken 
to obtain a fair average specimen. For this purpose one or two 
pounds should be taken from each of four or five different parts of 
the field where the soil appears to be nearly the same. These 
should be well mixed together, and a pound or so selected for 
analysis. All samples should be kept in well-corked bottles. It 
is not unfrequent to see in a field, otherwise fertile, a few patches 
almost barren, where plants, especially when the field is in white 
crop, spring up, and for a time look quite healthy, but soon become 
diseased, assume a yellow colour, and die. Specimens from such 
parts should on no account be mixed with the rest : they should 
be examined by themselves, and the results compared with those 
given by the fertile parts. By following this course the cause of 
sterility and the means of curing it are most likely to be discovered. 

(6) Determination of Water, — Spread a weighed quantity (say, 
half a pound) of the soil upon a sheet of white paper, and expose 
it to the air in a dry room for several hours, weighing it at inter- 
vals of two or three hours till the weight remains constant. The 
loss indicates the amount of water which has evaporated, but by 
no means the whole of the water which the soU contains; to 
determine which, heat about 500 gm. of the air-dried soil in a 
small glass beaker plunged into an oil bath, the temperature of 
which is kept between 150^—160" C. (SOO**— 350^ Fahr.), till it 
ceases to lose weight. The result gives a close approximation to 
the amount of water. Absolute dessication cannot, however, be 
accomplished except at a heat close upon redness, which is, of 
course, inadmissible, as the organic matters the soil contains 
would thereby become altered or destroyed. 

(c) Absorbing power. — Allow the 500 grn. of soil dried as 
above to cool in a covered vessel ; then spread it out on a sheet of 
paper, and expose it to the air for 24 hours. Note the increase of 
Veight which is due to absorption of water, and if it amounts to 
10 grn. it is so far an indication of great agricultural capability. 

{d) Power of Iwlding Water, — Put 1000 gm. of air-dried soil 
into a filter enclosed in another, placed in a funnel Pour cold 
water, drop by drop, on the soil until it begins to trickle down the 
neck of the funnel ; cover with a piece of glass, and allow it to 
stand for an hour or two, adding a few drops of water from time 
to time until it is certain that the whole soil is perfectly soaked. 
Eemove the filters from the funnel, and open them upon a linen 
cloth to remove the drops of water adhering to the paper. The 
outside filter is now placed in one pan of the balance, and the 
inner one containing the soil on the other ; and the whole being 
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carefully balanced, the true "weight of the wet aoil is obtained. 
Suppose this to be 1400, then the soil is capable of holding 40 per 
cent, of water. 

(e) Rapidity of Drying, — Expose the soil with its filter on the 
plate to the air for 4, 12, or 24 hours, weighing from time to time. 
The loss of weight, indicating the tendency of the soil to dry, may 
convey useful information as to the necessity or otherwise of 
drainage. 

(/) Relative proportions of Gravely Sand, and Clay, — Eub a 
quantity of air-dried soil between the hands, and remove and weigh 
anjr stones which may be present. Weigh off 4000 gm., and pass 
them through a sieve (No. 1) of copper wire gauze, the meshes of 
which are about ^^th of an inch in diameter. Eemove the sieve 
from its bottom, and place it over a deep evaporating basin ; throw 
a gentle stream of water upon the contents, and stir with a spatula or 
the hand until the water passes through clear. Transfer the residue 
to another basin, and place it in the water oven to dry ; then weigh, 
after which ignite in the air, and when cold weigh again. The 
first weighing gives the amount of coarse gravel, and the second 
indicates the proportion of organic matter which this gravel 
contains. Transfer the soil which has passed through sieve No. I 
to sieve No. 2, the meshes of which are about ^th of an inch in 
diameter. Treat the residue on the sieve precisely as before, dry at 
212°, weigh, ignite, and weigh again. The results give the amount 
of gravelly sand, and of organic matter mixed with it. Dry a 
portion of the soil which has passed through sieve No. 2 in the 
water oven, and weigh off 500 gm. Transfer to a deep basin or 
flask, and boil for 20 minutes or so with water. The boiling must 
be continued until all the particles are thoroughly separated from 
each other. The coarse sand, fine sand, and finely divided particles 
are then separated from each other by the following simple process, 
recommended by Schultz : — 

The boiled soil is allowed to oool, and is then washed into an elutriatiny 
gla$»f which is merely a tall champagne glass 7 or 8 inches deep, and about 
2} inches wide at the mouth, round which is fastened a brass ring about half 
an inch broad, with a tube slightly inclining downwurds proceeding from its 
side. A gentle stream of water is caused to pass continuously into the 
elutriating glass in such a manner as to cause a constant agitation of the 
partides, whereby the finest are washed away through the tube at the top of 
the glass, and received in a beaker or any other convenient vessel. This 
stream of water is best kept up and regulated by causing it to flow from a 
reservoir provided with a stop-cock, to which is attached a tube funnel from 
12 to 18 inches long, drawn out to a point, with a fine aperture. The end of 
this tube is placed nearly at the bottom of the elutriating glass, and the 
supply of water so adjusted that the funnel tube always remains half full of 
water. When the water runs off from the discharge tube nearly dear, the 
stop-cock of the reservoir is dosed, and the elutriating glass being removed, 
the water is decanted from it, and it is washed into a small dish, where it is 
dried and weighed, after which it is ignited and weighed again. The two 
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weightfl give the proporiton of eoarte sand and its orgamo matter. The 
dutruled turbid fluid is allowed to stand for aeyeral houn, and the water is 
then poured off into another beaker. The deposited matter, oonnsting of 
Jlnie §and uidjlne soil, is then subjected to a second elutriating process, con- 
ducted as before, except that the force and yolume of the washing water is 
CQDsidetablj lessened. The operation is continued until the wash water 
pMMs off quite dear : this sometimes takes three or four hours, but it is, 
with the arrangement described, a self-acting ]proceai, requiring no personal 
superintendence. The residue in the elutriating glass is Jlme gand, which, 
with its organic matter, is estimated as before, by drying, weighing, igniting, 
and re-weighing. 

We have only now to deduct from the original 500 grn. the 
quantities of eoarae and fine eand^ to obtain the proportion of 
finely-divided matter. The results of this mechanical analysis may 
be tabulated thus (Schultz) : — 

100 parts of the soil, dried at 100'' C, contain (for example) — 




Gravel (coarse) 






Fixsd 

6-90 


Combostible 
or Volatile 
Batetanoes. 

0-00 


Organic matter 
Gravel (fine) 
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... 


Organic matter 
Sand (coarse) 
Orgamc matter 
Sand (fine) 
Organic matter 
FinesoU . 






34-37 


o'gV 






38-50 
9-60 
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1-50 


Organic matter, ar 
combined watei 


nmon 
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ia,anc 
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1-00 



100-00 



Stones, 2*10 per cent. 



95-70 



4-3 



This mechanical treatment of soils is of high importance, and it 
is to be regretted that so few of our English soils have hitherto 
been so examined. The same remark applies to the analysis of 
days. The operations above described apply equally to days and 
to soilSf except that in the case of clays we have not to look for 
gravel. 

To render the matter complete, however, the gravel and sand 
should be moistened and examined under the microscope, with the 
view of ascertaining if they are wholly siliceous, or if tiiey contain 
also fragments of different kinds of rock — sandstones, dates, 
granites, traps, limestones, or ironstones. A few drops of strong 
hydrochloric acid should also be added, when the presence of lime- 
stone is shown distinctly by an effervescence ; of peroxide of iron 
by the brown colour which the acid speedily assumes; and of 
black oxide of manganese by the smell of chlorine, which is easily 
recognized. 
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(g) DeterminaiioHof the Density of a Soil — Dry a sample of 
the soil (from which the laige stones have been picked out) at lOO"" C. 
in the water oven till it ceases to lose weight Fill a perfectly clean 
and diy common phial with distilled water up to a mark made 
with a file on the neck, and weigh it carefally. Four oat part of 
the water, and introduce into the hottie in its stead 1000 gm. of 
the dried soil. Shake the bottle well, to allow the air to escape 
from the pores of the soil ; fill up again with water to the mark 
on the neck, and again weigh. The weight of the soil divided by 
the difference between the weight of the bottle with soil and 
water, and the sum of the weights of soil and the bottle of water 
together, gives the density or specific gravity, Ejuonple — 

Gnins. 

The bottle with water alone weighs . . . 2000 
The dry soil 1000 



Sum (being the weight which the bottle with the 
soil and water loould have had, could the soil 
have been introduced without displacing any of 
the water) 3000 

Actual weight of soil and water .... 2600 

Difference (being the weight of water taken out 
to admit 1000 gm. of soil) .... 400 

Therefore, 1000 gm. of soil have the same hdk as 400 gm. of 
water — {.6. the sou is 2} times heavier tha|i the water, since 
VW^^'^t ^^ specific gravity. 

(A) ' Determination of the Aheolute Weight, — Weigh an exact 
imperial half-pint of the soil in any state of drynes& When tiiis 
weight is multiplied by 160 it will give very nearly the weight of 
a cubic foot of the soil in that state. 



8. Ohemioal Analysis. 

The accurate and oomplete quantitative analysiB of soils is a 
work of some difficulfy, and cannot be entirely accomplished by 
volumetric iTiean& IAxelj of the principal substances, however, 
may be estimated in this manner, and the following method of 
procedure is given as the most convenient : — 

(1) Water. — 250 gm. of the air4ried sifted soil are weigherl in 
a porcelain, platinum, or iron crucible, and heated for a considerable 
time in the water bath till the weight is constant The loss 
represents the amount of water. 

(2) Organic matter. — 50 gm. of the residue from 1 are ignited 
in a platinum or porcelain cracible until all the organic matter is 
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destroyed; the i-esidue is then suffered to cool, moistened with 
solution of carbonate of ammonia (to re-carbonate any lime), then 
dried in the air-bath at about 150^ C, or 300"* Fahr. The loss 
indicates the amount of organic matter in the perfectly dry soil, 
which is then calculated for 100 parts of air-<lried soil 

(3) Carbonic Acid, — 50 gm. of the air-dried soil are introduced 
into the apparatus, fig. 20, and the carbonic acid estimated as in 
§27. 

(4) Chlorine, — 250 gm. of the air-dried soil are burnt in a 
platinum crucible, then cooled and moistened with a solution of 
potassic nitrate, again heated gently to dryness, then ignited again. 
The cold residue is then lixiviated with boiling water, filtered, the 
filtrate neutralized with acetic acid, and a measured portion of it 
titrated with /^ silver and chromate, as in § 38. 

(5) Oxide of Iron, — ^The insoluble residue of 4 (=250 gm. soil) 
is heated in the water bath with pure hydrochloric acid to extract 
all soluble matter, the solution filtered o^ the residue washed with 
boiling water on a filter (residue preserved for future examination), 
and the filtrate and washings collected and diluted to 500 dm. 
200 dm. (=100 gm. soil) are then taken, heated with a little nitric 
acid to peroxidize all the iron, and ammonia added in excess, so as 
to precipitate all oxide of iron and alumina. If the latter bo 
required to be estimated, the precipitate must be collected on a 
filter, well washed, putting the filtrate and washings aside, then 
dried, ignited, and weighed. The residue, consisting of oxide of iron 
and alumina, with whatever traces of phosphoric acid there may be, 
is redissolved in a little hydrochloric acid, the solution treated with 
zinc or stannous chloride, diluted considerably, and titrated with -^^ 
bichromate (§ 34) for ferric oxida The quantity so found deducted 
from the total weight of the precipitate gives the alumina and 
phosphoric acid. Should the estimation of idumina not be required, 
the precipitate need not be ignited, but simply redissolved with 
hydrochloric acid on the filter and titrated at once for iron. Should 
any portion of the iron in the original soil exist as protoxide, a 
weighed quantity, say 100 grn., of the fresh, sifted, and non-ignited 
soil, is exhausted with pure hydrochloric acid, the solution filtered 
and titrated direct with bichromate. 

(6) Lime, — ^The filtrate and washings from 5 (=100 gm. soil) 
are mixed with ammonic oxalate in excess, the solution set aside 
in a warm place for an hour or so, the precipitate then collected on 
a filter, well washed, dried, and, together with the filter, ignited. 
The mixture of carbonate and caustic lime thus obtained is dissolved 
in an excess of normal nitric acid, and titrated as in § 17. 

(7) Magnesia, — ^The filtrate and washings from 6 (=100 gra. 
soil), which, if bulky, must be evaporated somewhat in the water 
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bath, are to be made freely alkaline with ammonia, ammonic arsenate 
added in slight excess, and the solution set aside for 12 hours in 
the cold, that the magnesia may be precipitated as double ammonic 
and magnesic arsenate. The precipitate collected on a filter, well 
washed with ammoniacal water (filtrate and washings set aside), 
redissolved on the filter with acetic acid, and the solution titratecL 
with uranium, as in § 69. 1 dm. of standard uranium solution 
(=0-05 gm. FO") represents 0*02815 grn. MgO. 

(8) Alkalies, — The filtrate and wa.shings from 7 (=100 gm. soil) 
containing the alkalies as chlorides, together with ammonic chloride 
and a small quantity of ammonic arsenate, are evaporated to diyness 
on the water bath, then ignited gently and carefolly under a chim- 
ney to volatilize all the arsenate and other salts of ammonia. The 
alkalies are then left nearly pure as chlorides. The residue is 
dissolved in a very little water, filtered through a small filter into a 
small crucible, evaporated to diyness, and weighed direct. If it 
be desirable to ascertain the amount of potash, it may be separated 
by weight as potassio-platinic chloride, or the indirect method of 
calculation, as in § 38, may be adopted. 

(9) Phosphoric Acid, — The remainder of the acid solution, viz. 
300 dm. (=150 grn. soil), is mixed with a little nitric acid, heated 
and precipitated with ammonia, as in 5, the precipitate collected on 
a filter and washed with boU^ water (filtrate and washings set 
aside). The precipitate is then dissolved on the filter with dilute 
nitric acid, the filter slightly washed, and the solution so obtained 
digested in the water bath for 24 hours with about two ounces of 
molybdic solution, prepared as directed in § 69.5a. 

If any precipitate occurs, it will contain all the phosphoric acid 
(unless it should exist in large quantity, which is not probable) 
as ammonic phospho-molybdate, which is to be collected on a small 
filter, well washed with the same fluid, then redissolved in am- 
monia, and a portion of the magnesia mixture added (§ 69. 5a) 
to precipitate the phosphoric acid as double ammpniomagnesic 
phosphate ; the precipitate so produced is dissolved in acetic acid, 
and titrated with uranium as in § 69. 

(10) Sulphuric Acid, — The filtrate and washings from 9 (=150 
gm. soil) are diluted up to a definite measure, and a convenient 
portion titrated for sulphuric acid by any of the methods given in 
§73. 

(11) Ammonia, — From 200 to 500 gm. of the fresh air-dried 
soil are introduced into the distilling flask (fig. 19), together with 
a little water and a small piece of bees' wax (to prevent frothing) ; 
the tube d is filled with strong caustic potash or soda, the whole 
of which is allowed to run into the flask as soon as the heating 
commences. In all other respects the operation is conducted as 
described in § 18. 
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(12) Nitrogen.— 100 grainfi of the soil are dried at 150^ C, 
and when cold mixed with soda lime in a combustion tnbe, and 
ignited as usual. The ammonia evolyed may be leceived into 
nonnal sulphuric acid, and the mixture afterwards titrated with 
normal alkali in the usual manner ; or dilute hydrochloric acid may 
be used in the bulb apparatus, the fluid evaporated to dryness on 
the water bath, then heated in the air-baui to 120* C, and the 
residual ammonic chloride titrated as in § 38. 

(13) Reaidice imoluhle in Hydrochloric Acid. — The insoluble 
matter which has already been collected, as in 5 ( = 250 gm. soQ^, 
and consisting mainly of insoluble silicate of alumina and sand, is 
transferred to a platinum or porcelain dish, or large crucible, dried, 
and mixed with sulphuric acid of about 1*6 sp. gr. in excess. The 
mixture is left to digest somewhat, then heated slowly under a 
hood, to drive off all the free acid ; the residue is then cooled, 
lixiviated with water, filtered, and the filtrate precipitated with 
ammonia. The precipitate may be washed, dried, ignited, and 
.weighed as ''Alumina insoluble in hydrochloric acid.** The 
insoluble residue will consist of pure quartz sand. 



AKALT8I8 OV XABTUBBB. 

1. Ouaao. 

§ 82. (1) Moisture, — 100 gm., weighed in a platinum or 
porcelain crucible, are dried in the water bath till the weight is 
constant; the loss gives the per-centage of moisture. It must, 
however, be borne in mind that in drying guano very often a loss 
of ammonia tiJces place ; this can only be avoided by drying the 
sample in a current of warm air by means of an aspirator, and 
passing the air so flowing over the surface of the guano through 
normal acid in a bulb tube. 

(2) Total Fixed Con«<«<Mtfnftf.— Residue of 1 ( = 100 gm. of 
guano) is ignited at a low red heat till all organic matter is 
destroyed, and the residue is of a white or greyish colour; the 
weight so found gives the per-centage of fixed constituents, which 
will act as a control over the subsequent analysis. 

(3) Sand^ (Jhyy or other Insoluble Matter^ — ^Reeidue of 2 is 
boiled with dilute hydrochloric acid (which should not cause any 
amount of effervescence) till all soluble matter is extracted ; the 
residue brought on a filter, washed, dried, ignited, and weighed, 
gives the per-centage of insoluble matter. The filtrate and washings 
containing all the soluble matters are diluted up to a definite 
measure, say 500 dm. 
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(4) Phosphoric Acid aa Insoluble Phosphates.* — 200 dm. of 
the solution piepaied as in 3 (=40 gnL of guano) are precipitated 
with ammonia in excess, the precipitate of phosphate of lime and 
magnesia redissolved in acetic acid, and the solution divided in 
hal^ one portion being titrated with uranium for total phosphoric 
acid, aa in § 69, the remainder set aside for 

(6) Lime, — ^To half of the acetic acid solution prepared as in 4, 
sufficient ammonic oxalate is added to precipitate all the lime : 
after standing an hour or so, the supernatant liquid is filtered oif, 
and the precipitate washed (reserving the filtrate and washings), 
then dissolved and titrated as in § 48. 

(6) Magnesia. — ^The filtrate and washings from 5 are rendered 
alkaliue wi^ ammonia, set aside for twelve hours, the precipitate 
of double phosphate of magnesia and ammonia collected, dissolved, 
and titrated as in § 69. 

(7) Alkalies. — The filtrate and washings from 6 are mixed with 
sufficient baryta water to remove all the phosphoric and sulphuric 
acids ; the pi-ecipitate removed by filtration ; the filtrate evaporated 
to a small bulk, and treated with ammonic hydrate and carbonate 
to remove excess of baryta ; the filtrate and washings from this 
precipitate acidified with hydrochloric acid, evaporated to dryness, 
ignited, then redissolved in a small quantity of water, a few drops 
each of ammonia and ammonic carbonate added, filtered into a 
weighed platinum or porcelain crucible, the small filter thoroughly 
washed, and the filtrate and washings evaporated to diyness, ignited, 
and weighed as chlorides. 

For the estimation of potash and soda contained in the mixture 
see § 38, which also contains rather more minute directions for the 
careuQ separation of the alkaline salts by the above method. 

(8) Ammonia.— \(i gm. of the guano, or more, if it be poor 
in ammonia, are boiled with caustic magnesia in the distilling 
apparatus (fig. 19), and the estimation of ammonia conducted as 
described in § 18. This gives the ready formed ammonia only. 

(9) Nitrogen and Ammonia. — Prom 6 to 10 grn. of the guano, 
according to its quality, are moistened with strong solution of 
oxalic acid (to fix ammonia), then dried on the water bath, mixed 
with soda lime, and a combustion made in the usual way. 

* The amount of photpborlo mUL niitiiitr m sUnAiiM phorahatM in a soluble form 
may be eetimated eepentely in 1 gm. of ipiBno simply ezbaneted with water, and 
titrated with uranium. Gilbe rt baa pointed out (Z. a. C. xii. 1) that in some kinds 



of roek ffnaao there earist nodntoa of bioaloio i^oephate \ when such nano is ignited, 
the phoiphorio aeid beoomes oonTerted into pyro»phoephoric aeid, whioh would not be 
determined bj the usual methods of analysis. When this is the case it is necessary to 



fuse the gMao with a miztors of two parte of sodio carbonate and one ol notaasio 
chlorate, then dissolre the reeidue in nitric add, neutralise with soda, add acetic add 
and sodio acetate, and titrate with uranium as usual. 
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2, Baw Phosphates and Phoaphatio Hanures. 

Moisture sud Jixed constituenta are determined as in the case of 
guano. 

100 gm. of the manure are lixiviated repeatedly with cold water, 
by the aid of a mortar and pestle, pouring off each washing into a 
beaker, allowed to settle, the clear liquid passed through a filter, 
the residue boiled once or twice with water, the fluid being decanted 
through the same filter ; the residue is then mainly brought upon 
it and well washed with boiling water. The filtrate and washings so 
obtained are diluted to 500 dm., set aside, and marked "Aqueous 
solution, 100 gm. manure." 

The insoluble residue on the filter is pushed through the funnel 
into the beaker in which it was originally digested, the filter treated 
with warm dilute hydrochloric acid, washed with boiling water into 
the beaker, a good quantity of hydrochloric acid added, and the 
whole digested for some time at near boiling heat. The clear acid 
fluid is then passed through a filter, the insoluble residue brought 
upon it and washed till all soluble matter is removed, the filtrate 
and washings then diluted to 500 dm., set aside, and marked 
" Acid solution, 100 gm. manure." 

The insoluble residue on the filter is dried, ignited, and weighed, 
as sand, clay, &c. 

Lime and Alkalies, in the aqueous solution, are determined as 
in the case of guano. 

Sulphuric Acid, as in § 73. 

Phosphoric Acid as in § 69. 

In the acid solution, which contains traces of iron, and probably 
alumina, the phosphoric acid is separated and estimated as recom- 
mended in § 69. e. 

Lime and Sulphuric Acid as in the aqueous solution. 

Ferric Oxide, if necessary, by bichromate or permanganate. 

Ammonia and Nitrogen are estimated by combustion as in 
guano. If the nitrogen exists, however, entirely as sulphate of 
ammonia, it may be readily estimated by distillation as in § 18. 



Special procedure for Phosphoric Acid. 

In the following processes the estimation of phosphoric acid is 
in all cases accomplished by means of uranium, as more fully 
described in § 69. Those who will take the pains to work out the 
details attentively will find the results very accurate. 
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Eepeated trials side by side with the gravimetric estimation of 
P*0^ as molybdic phosphate and ammonio-magnesic phosphate, 
have shown the most concordant results in the hands of many 
well-known and expert operators, among which are Fresenius, 
Neubauer, Stohmann, Groeser, Kissel, &c. The chief 
difficulty, as applied to manures of all classes, is the separation of 
the phosphoric acid in such a form as to he readily and accurately 
estimated by the process. 

In all cases it is advisable to use a solution of uranic acetate or 
nitrate of such strength, that 1 c.c. or I dm. (according to the 
system of measures used) shall equal 1 per cent of tricalcic 
phosphate when 1 gm. or 10 gm. respectively of the original 
substonce is taken for analysis. Sy this arrangement all calculation 
is avoided (see § 69.4). 

7reseiiius, Heubauer, and Luok's Kethod of ezamininsr 
Phospliatio Substanoes. 

Fresenius, Neubauer, and Luck have arranged a method 
of analyzing commercial phosphates, either in the raw or manufac- 
tured state, the end in view being to render the operation as speedy 
as possible, without the sacrifice of accuracy (Z. a. 0. x. p. 133). 
The condensed results are as follows : — 

The experiments made were mostly upon raw phosphates, con- 
taining iron and alumina, such as phosphorite from the Lahn 
Valley, and upon manufactured phosphates from the same source. 
These are, as is well known, peculiarly liable to lose soluble phos- 
phate by keeping, and to contain the so-called reduced phosphates. 

In the Raw Mineral it is necessary to estimate the total 
phosphoric acid. 

In the Manufactured Manure, (1) The phosphoric acid soluble 
in cold waters a. 

(2) The reduced phosphoric acid = h. 

(3) The insoluble phosphoric acid = c. 

From these data is obtained the total phosphoric acid=s5. 

Batlmatlon of the total Phospliorlo Aoid in the Baw Mineral. 

6 gm. of the finely powdered phoepfaates are weighed, transferred to a 
poroelain mortar, and repeatedly rubbed with about 10 o.o. of a 5 per cent, 
solution of sulphurio aoid, as deaoribed at page 289. 110 c.o. of the oold 
dilute aoid are to be uaed; the creamy mixture ia transferred to a 260 c.o. 
flask, and the mortar repeatedly washed out with small portions of water 
until about 200 o.o. are contained in the flask. The mixture is shaken fre- 
quently during about four hours, then diluted to exactly 260 o.o. with water, 
and well mixed. 

A dry filter and a dry flask are then got ready, and the liquid filtered ; 
then 100 o.c. transferred to a 200 o.c. flask, rendered distinctly alkaline with 
WwMq soda solution (to neutndise the sulphuric aoid}, and acetic add added 

Y 
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in sufficient quantity to redissolve the precipitated calcic phosphate. A 
cloudiness will always, however, be present if the raw substance contains 
iron. The whole is diluted to 200 c.c, and set aside in order that the cloudi- 
ness may deposit. This deposit will consist almost entirely of ferric phosphate, 
and should be filtered off through a small dry filter, the filtrate being reoeiyed 
into a dry flask, which is corked and set aside for titration with uranium, 
and marked hdlf-itrengih solution. The ferric phosphate in the filter is 
washed repeatedly with small quantities of water (the washings being thrown 
ft^ftj)} ftud finally weighed as ferric phosphate. 

The object of using sulphuric acid instead of nitric or hydro- 
chloric, is that of preventing the solution of any large quantity of 
iron or alumina. Small quantities of these, more especially of iron, 
will find their way into the solution. The proportion dissolved seems 
very constant, however ; and after using the process a few times, 
any intelligent operator will judge if any great variation occurs. 

The authors here alluded to found that in the special phosphate 
under examination, containing 32 per cent. P^O' (=70 per cent, 
tricalcic phosphate), the amount of P^O' to allow for in the form of 
ferric phosphate was 2 per cent. This was in a sample containing 
a considerable quantity of iron. It ia probable that wherever 
there is sufficient iron present to withdraw this quantity of P*0', 
this proportion of precipitate will occur whatever may be the per- 
centage of tricalcic phosphate. The authors do not recommend 
that any average allowance should be made for it ; but that it 
should be weighed. My experience, however, goes to prove that 
where the extraction with cold dilute sulphuric acid has been 
properly conducted, and where it is not necessary to be absolutely 
accurate, the trouble of igniting and weighing the precipitate may 
be avoided, the error in any case being a mere fraction. 

Thus far the process is very much like the one described at page 234, but 
a change is made in the method of titration. It is known that when a 
solution of phosphate, prepared as above, even with the addition of a Uttle 
citric acid, is heated (after the ferric phosphate is removed), a precipitate 
occurs, and most operators have supposed this to be ferric phosphate. It is 
not so, however, but mainly calcic phosphate ; and thus when such a solution 
is titrated with uranium, the results are too low. In order to avoid this, the 
process of titration is reversed, i.e. instead of heating the phosphate solution 
and running the uranium into it, the uranium solution is heated, and the 
phosphate run into it until no chocolate colour or only a faint one is pro- 
duced, when the solution is brought in contact with a little powdered 
potassic ferrooyanide on a white slab. 

The authors recommend a solution of uranio acetate, which should be 
titrated by means of a standard solution of sodio phosphate. It is, however, 
far better to use a solution based on calcic phosphate (see § 69.4). 25 o.c. of 
the uranio solution are placed in a beaker, together with 6 o.c. of sodio acetate 
solution, then heated in a boiling-water bath, and the standard phosphate 
solution delivered in from the burette until a drop of the solution brought 
in contact with the prussiate just ceases to give a brown colour. Praotioe 
will soon enable an operator to understand how much phosphate solution 
mi^ be run into the uranium before beginning to test, the yellow colour of 
the latter disappearing as the operation proceeds. 

Having by this means established the strength of the uranium 
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solution, tbo half-strength solution of raw phosphate can now be 
examined as follows : — 25 c.c. of uranium solution are placed in a 
beaker in the water bath, 5 c.c. of sodic acetate added, and the 
phosphate solution added from the burette as just described. The 
quantity of phosphate solution is divided by 2 to obtain the mea- 
sure of original solution which corresponds to the 25 c.c. of uranium. 
The phosphoric acid so found, added to that contained in the 
ferric phosphate, will of course be the total quantity of PO" 
existing in the raw material. 

Where 5 gm. of phosphate are dissolved in onl^r 260 c.c. of acid, it is 
necessary to make a correction for the space occupied in the flask by the 
calcic sulphate produced and the insoluble matter. Experience has proved 
this to be in the case of 70 per cent, phosphate about 0-36 per cent. P'O^, 
consequently this must be deducted from the total found as above. Correc- 
tion may be quite avoided by using a flask of 263 c.c. instead of 260 c.c. ; 
this is, of course, easily done bjr measuring 3 c.c. into a full 260 c.c. flask, 
and marking the height of the liquid with a diamond or file. The authors 
found by this modification of the uranium process the following comparative 
results: — 

Umnic Method, IColjbdic Method, 

A sample of Phosphorite =P0*, 

it >t w • 

A Superphosphate gave soluble P-0^ 
„ „ another sample, 

Examination of a Superphosphate. 

(1) Soluble Phosphoric Acid, — ^The manure is exhausted with 
cold water precisely as described in § 69 (p. 244), the flask occasion- 
ally being well shaken for two hours, then set aside to settle, or a 
portion filtered for titration. This latter is to be performed pre- 
cisely as just described for the raw phosphate. 

(2) Reduced Phosphoric Acid, — This may be estimated either 
directly or indirectly. The authors experimented upon the various 
methods proposed for this form of F^O', such as sodic bicarbonate 
and ammonic oxalate, neither of wliich proved satisfactory; the 
ammonic oxalate process they found, like myself to be extremely 
fallacious. The preference is given by them to slightly alkaline 
ammonic citrate as a means of bringing back the reduced P*0' to 
the soluble form. The citrate solution should possess a specific 
gravity of 1 09. By the direct method the residue from 3 gm. of 
manure, after exhaustion with cold water as above, is washed out 
of the filter into a mortar by the help of 100 c.c. of citrate solu- 
tion, and rubbed to a smooth cream, transferred to a flask, and 
digested for half an hour at a temperature of 30"* to 40"* C. ; filtered, 
washed with some water and citrate solution, and the filtrate evapo- 
rated in a platinum capsule to dryness, ignited with sodic carbonate 
and potassic nitrate, then extracted with a little dilute sulphuric 
acid, and titrated with uranium as previously described. 

Y 2 
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This process is, however, very troublesome, and takes a loug 
time; the indirect method is therefore to be preferred, and the 
operation conducted as follows : — 

. Two portions of the manure, weighing 2 gm. each, are respectively 
exhausted with cold water until the washings are no longer acid. In one of 
the residues the reduced, and the insoluble FH)^ (5 + c) are estimated together 
by the uranium method, 50 o.c. of 5 per cent, sulphuric acid being lued to 
dissolve them, as in the case of the raw phosphate, by rubbing in a mortar. 

The other residue of 2 gm. is rubbed with 100 o.c. of ammonic citrate 
solution, and digested as described for the direct process, the filtrate and 
washings being thrown away ; the residue so obtained will consist only of the 
insoluble phosphate e. The filter is dried, ignited, adding finally a little 
sodic carbonate, then dissolyed with 60 c.c. of dilute sulphuric acid, and 
titrated with uranium as before. 

By this means is obtained the insoluble phosphate (=e) which, subtracted 
from the previously estimated mixture of the reduced and insoluble P'O* (= 
b + c), will give the quantity of reduced P'O* (=i). 

Thus are furnished the data from which may be calculated the total per- 
centage of P'O^ in the manure by the equation, 

S = a + 5 + c whence (a+b) -= S — c. 

It is not possible to estimate the amount of soluble and reduced phosphoric 
acid in one operation, because when neutral ammonic citrate is mixed with 
acid calcic phosphate, it gives rise to acid ammonic citrate, which would have 
much more disintegrating power over the insoluble phosphate than the 
neutral or faintly alkaline solution. 

The estimations, therefore, necessary to ascertain the complete character 
of a superphosphate are : — 

The total I«0« = S 
soluble „ = a 
insoluble,, = e 
and from these may be obtained the quantity of reduced P^O*, according to 
the formula 

5=8— (a + c). 

As an example, a specimen of superphosphate of a reddish colour, showing 
the presence of much iron, was analyzed, and gave the following results : — 

1. Total P«0», . . 15-80 per oent.=S 

2. Soluble, „ 3-84 „ ^a 

3. Insoluble, „ 7' 12 „ =<• 
Consequently 6=16*80— (8-84 + 712) = 4 84 per cent. 

Bemarlui on Precipitated Fhospliates ocourrinflr in Superphosphates. 
Hitherto it has not been the custom in England to recognize the 
existence of the so-called precipitated or reduced phosphates in 
manures. In Germany, France, and Belgium, however, it is a 
very common practice to estimate and record them in commercial 
analyses of superphosphates.* 

* The Highland Agrrioaltaral Sodeiy has now pablidy mooted the question of the 
oommeroial valuation of phoephatio and other manuree, and reoommends that certain 
fixed prices per unit per ton shall be allowed for insoluble as well as diasolTed phos- 
phates. There can be little doubt that reduced phosphates are just as yalnable for 
crops as soluUe phosphates. Finely ground raw nuneru phosphates are equally useful 
in the long run, but of course are taken up by plants at a slower rate. The manu- 
facturer has to pay for the total phosp)ioric amd in his materials, and has a right to 
recoup himself, on a reoaoaablQ scMe, vpom ^e a^cult1^14tl 
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The Belgian Government now accept as a commercial test a 
slightly modified foim of the ammonic citrate process just described, 
and which has been arranged by Peter mann. 

Superphosphates are guaranteed by the makers to contain a 
certain per-centage of assimilable phosphoric anhydride, and the 
estimation is conducted as follows : — 

Solution of Ammonic Citrate, — Citric acid is dissolved in solu- 
tion of ammonia, and made up to a density of 1 '09. The liquid 
must be slightly alkaline, and after being filtered clear, is preserved 
in a well-stoppered bottle. 

Quantity of Manure taJc^n for Analysis, — This is not a matter 
of indifference, but must be regulated by the state" of concentration 
in which the phosphoric acid exists. 

Ordinary mixed manures . . 10 gm. 

25 to 30 per cent, superphosphates . 5 gm. 

70 to 80 per cent, superphosphates ) « 

or precipitated calcic phosphate j ^^' 

The AnalyticalProcess : 100 c.c. of the citrate are placed in a wash bottle, 
uid the necessary weight of manure washed into a small mortar with the 
liquid, then rubbed smooth with the pestle, and transferred to a 500 c.c. 
flask with the remainder of the citrate solution. 

The mixture is digested with occasional shaking, at 36'' C, for one hour, 
then cooled and diluted to 500 c.c. The liquid is filtered perfectly clear, 
and 60 or 100 c.o. of it precipitated with magnesia mixture in the usual 
way. After standing six hours the precipitate is brought on a filter, 
washed with ammonia, dried, ignited, and weighed as magnesio pyrophos- 
phate, or the undried precipitate is titrated with uranium as previously 
described. 



AKAIiTSIS OF KATTTBAIi WATEBS AKD SEWAaE. 

§ 83. The analysis of natural waters and sewage has for a long 
period received the attention of chemists, but until lately no 
methods of examination have been produced which could be said 
to satisfy the demands of those who have been interested in the 
subject from various points of view. The researches of Clark, 
Frankland, Miller, Wanltlyn, Tidy, Bischof, Warington, 
and others, have, however, now brought the whole subject into a 
more satisfactory form, so that it may fairly be said that, as regards 
accuracy of chemical processes, or interpretation of results from a 
sanitary point of view, very little addition is required. Consider- 
able space will be devoted to the matter here ; and as most of the 
processes are now volumetric, and admit of ready and accurate 
results, the general subject naturally falls within the scope of this 
work. Considerable pains have been taken to render the treatment 
of the matter practical and trustworthy. 
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Since the various processes necessitate the use of peculiar mate- 
rials and apparatus, the preparation and arrangement of these will 
be described at some length previous to the introduction of the 
general subject. 



THE PBEPABATIOH OF BE-AaENTS. 

A. Be-affent« reauired for the Estimation of Nitrogen present as 

Ammonia. 

(a) Nessler's Solution, — Dissolve 62*5 gm. of potassic iodide 
in about 250 c.c. of distilled water, set aside a few c.c, and add 
gradually to the larger part a cold saturated solution of corrosive 
sublimate until the mercuric iodide precipitated ceases to be redis- 
solved on stirring. When a permanent precipitate is obtained, 
restore the reserved potassic iodide so as to redissolve it, and 
continue adding corrosive sublimate very gradually until a slight 
precipitate remains undissolved. (The small quantity of potassic 
iodide is set aside merely to enable the mixture to be made rapidly 
without danger of adding an excess of corrosive sublimate.) 

Next dissolve 150 gm. of solid potassic hydrate (that usually 
sold in sticks or cakes) in 150 c.c. of distilled water, allow the 
solution to cool, add it gradually to the above solution, and make 
up with distilled water to one liter. 

On standing, a brown precipitate is deposited, and the solution 
becomes clear, and of a pale greenish-yellow colour. It is ready 
for use as soon as it is perfectly clear, and should be decanted into 
a smaller bottle as required. 

(/3) Standard Solution of Aminonic Chloride, — Dissolve 1-9107 
gm. of pure dry ammonic chloride in a liter of distilled water ; of 
this take 100 cc, and make up to a liter with distilled water. The 
latter solution will contain ammonic chloride corresponding to 
0-00005 gm. of nitrogen in each c.c. In use it should be measured 
from a narrow burette of 10 c.c. capacity divided into tenths. 

[If it is desired to estimate ^* ammonia*' rather than "nitrogen at ammo- 
nia" take 1*5735 gm. of ammonic chloride instead of 1*9107 gm. 1 c.o. 
will then correspond to 0*00005 gm. of ammonia (NH').] 

(y) Sodic Carbonate, — Heat anhydrous sodic carbonate to red- 
ness in a platinum crucible for about an hour, taking care not to 
fuse it. Whilst still warm rub it in a clean mortar so as to break 
any lumps which may have been formed, and transfer to a clean 
dry wide-mouthed stoppered bottle. 

(^) Water free from Ammonia. — If, when 1 c.c. of Nessler's 
solution (A. a) is added to 100 c.c. of distilled water in a glass 
cylinder, standing on a white surface (see Estimation of Ammonia), 
no trace of a yellow tint is visible after five minutes, the water is 
sufficieutly pure for use. As, however, this is rarely the case, the 



Digitized by LjOOQ IC 



§ 83. VOLUMETRIC ANALYSIS. 327 

following process must usually be adopted. Distil from a largo 
glass retort (or better, from a copper or tin vessel holding 15—20 
liters) ordinary distilled water which has been rendered distinctly 
alkaline by addition of sodic carbonate. A glass Liebig's 
condenser, or a clean tin worm should be used to condense the 
vapour ; it should be connected to the still by a short india-rubber 
joint. Test the distillate from time to time with Nessler's 
solution, as above described, and when free from ammonia collect 
the remainder for use. The distillation must not be carried to 
dryness. Ordinary water may be used instead of distilled water, 
but it occasionally continues for some time to give off traces of 
ammonia by the slow decomposition of the organic matter present 
in it. 



B. Be-agrents required for the Estimation of Orfiranio Carbon and 

Kitrofiren. 

(a) Water free from Ammonia and Organic Matter. — Distilled 
water, to which 1 gm. of potassic hydrate and 0*2 gm. of potassic 
permanganate per liter have been added, is boiled gently for about 
twenty-four hours in a similar vessel to that used in preparing 
water free from ammonia (A. 5), an inverted condenser being so 
arranged as to return the condensed water. * At the end of that 
time the condenser is adjusted in the usual way, and the water 
carefully distilled, the distillate being tested at intervals for ammo- 
nia» as in preparing A. Z, When ammonia is no lunger found, the 
remainder of the distillate may be collected, taking care to stop 
short of dryness. The neck of the retort or still should point 
slightly upwards, so that the joint which connects it with the con- 
denser is the highest point. Any particles carried up mechanically 
will then run back to the still, and not contaminate the distillate. 
The water thus obtained should then be rendered slightly acid with 
sulphuric acid, and redistilled from a clean vessel for use, again 
stopping short of dryness. 

(/9) Solution of Sulphurous Acid, — Sulphurous anhydride is 
prepared by the action of pure sulphuric acid upon cuttings of 
clean metallic copper which have been digested in the cold with 
concentrated sulphuric acid for twenty-four hours, and then washed 
with water. The gas is made to bubble through water to remove 
mechanical impurities, and then conducted into water free from 
ammonia and organic matter (B. a) until a saturated solution is 
obtained. 

(y) Solution of Hydnc Sodic Sulphite — Sulphurous anhydride, 
prepared and washed as above, is passed into a solution of sodic 
carbonate made by dissolving ignited sodic carbonate (A. y) in 
water free from ammonia and organic matter (B. a). The gas is 
passed until carbonic anhydride ceases to be evolved. 
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(i) Solution of Ferrous Cldo7'ide. — Pure crystallized ferrous 
sulphate is dissolved in water, precipitated by sodic hydrate, the 
precipitate well washed (using pure water B. o for the last 
washings), and dissolved in the smallest possible quantity of pure 
hydrochloric acid. Two or three drops must not contain an appre- 
ciable quantity of ammonia. It is convenient to keep the solution 
in a bottle with a ground glass cap instead of a stopper, so that a 
small dropping tube may be kept in it always ready for ussw 

(£) Cupric Oxide is prepared by heating to redness with free 
access of air, on the hearth of a reverberatory furnace, or in a 
muffle, copper wire cut into short pieces, or copper sheets cut into 
strips. That which has been made by calcining the nitrate cannot 
be used, as it appears t«o be impossible to expd the last* traces of 
nitrogen. After use, the oxide should be extracted by breaking 
the combustion tube, rejecting the portion which was mixed with 
the substance examined. As soon as a sufficient quantity has been 
recovered, it should be recalcined. This is most conveniently 
done in an iron tube about 30 m.m. in internal diameter, and about 
the same length as the combustion furnace. One end should be 
closed with a cork, the cupric oxide poured in, the tube placed in 
the combustion furnace (which is tilted at an angle of about 15% 
so as to produce a current of air), the cork removed, and the tube 
kept at a red heat for about two hours. In a Hofmann's gas 
furnace, with five rows of burners, two such tubes may be heated 
at the same time if long clay burners are placed in the outer rows, 
and short ones in the three inner rows. If the furnace has but 
three rows of burners, a rather smaller iron tube must be used. 
When cold, the oxide can easily be extracted, if the heat has not 
been excessive, by means of a stout iron wire, and should be kept 
in a clean dry stoppered bottle. Each parcel thus calcined should 
invariably be assayed by filling with it a combustion tube of the 
usual size, and treating it in every respect as an ordinary combus- 
tion. It should yield only a very minute bubble of gas, which 
should be almost wholly absorbed by potassic hydrate. (The 
quantity of CO' found should not correspond to more than 0*00005 
gm. of C). The finer portions of the oxide should, after calcining, 
be sifted out by means of a sieve of clean copper gauze, and 
reserved for use as described hereafter. 

New cupric oxide as obtained from the reverberatoiy furnace 
should be assayed, and if not sufficiently pure, as is most likely the 
case, calcined as above described, and assayed again. 

(f) Metallic Copper.— Yme copper gauze is cut into strips 
about 80 m.m. wide, and rolled up as tightly as possible on a 
copper wire so as to form a compact cylinder 80 m.m. long. This 
is next covered with a tight case of moderately thin sheet copper, 
the edges of which meet without overlapping. The length of the 
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strip of gauze, and the conflequent diameter of the cylinder, most 
be regulated so that it will fit easily, but not too loosely in the 
combustion tubes. A sufficient number of these cylinders being 
prepared, a piece of combustion tube is filled with them, and they 
are heated to redness in the furnace, a current of atmospheric air 
being passed through them for a few minutes in order to bum off 
organic impurity, and coat the copper gauze superficially with 
oxide. A current of hydrogen, dried by passing through strong 
sulphuric acid, is then substituted for the air, and a red heat main- 
tained until hydrogen issues freely from the end of the tube. It 
is then allowed to cool, the current of hydrogen being continued, 
and when cold the copper cylinders are removed, and kept in a 
stoppered bottle. After being used several times they must be 
heated in a stream of hydrogen as before^ and are then again ready 
for use. The heating in air need not be repeated. 

(ti) Solution of Poiaasic Biefiromate is used as a test for and 
to absorb sulphurous anhydride which may be present in the gas 
obtained by combustion of the water residue. It should be satu- 
rated, and does not require any special attention. The yellow 
neutral chromate may also be used, but must be rendered slightly 
acid, lest it should absorb carbonic as well as sulphurous anhydride. 

{0) Solution of Potassic Hydrate.^ A. cold saturated solution 
made by dissolving solid potassic hydrate in distilled water. 

(c) Solution of PyrogalUc Acid. — A cold saturated solution, 
made by dissolving in distilled water solid pyrogallic acid obtained 
by sublimation. 

(k) Solution of Cuprous Chloride. — A saturated solution oi 
cupric chloride is rendered strongly acid with hydrochloric acid, a 
quantity of metallic copper introduced in the form of wire or turn- 
ings, and the whole allowed to stend in a closely stoppered bottle 
until the solution becomes colourless. 

(X) Oxygen. — ^Blow a bulb of about 30 c.c. capacity at the end 
of a piece of combustion tube, and draw out the tube so that ite 
internal diameter for a length of about 300 m.m. is about 3 m.m. 
This is done in order that the capacity of the apparatus apart from 
the bulb may be as small as possible. Cut the tube at the wide 
part about 10 num. from the point at which the narrow tube 
commences, thus leaving a small funnel-shaped mouth. Then 
introduce, a little at a time, dried, coarsely powdered, potassic 
chlorate until the bulb is full. Cut ofif the funnel, and, at a dis- 
tance of 100 m.m. from the bulb, bend the tube at an angle of 
45% and at 10 m.m. from the end bend it at right angles in the 
opposite direction. It then forms a retort and delivery tube in 
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one piece, and must be adjusted in a mercury trough in the usual 
manner, taking care that the end does not dip deeper than about 
20 m.m. below the surfiEice, as otherwise the pressure of so great a 
column of mercury might destroy the bulb when softened by heat. 
On gently heating, the potassic chlorate fuses and evolves oxygen. 
The escaping gas is collected in test tubes about 150 m.m. long 
and 20 m.m. in diameter, rejecting the first 60 or 80 c.c, which 
contain the nitrogen of the air originally in the bulb retort. Five 
or more of these tubes, according to the quantity of oxygen 
required, are collected and removed from the mercury trough, in 
very small beakers, the mercury in which should be about 10 m.m. 
above the end of the test tube. Oxygen may be kept in this way 
for any desired length of time, care being taken, if the temperature 
faUs considerably, that there is sufficient mercury in the beaker to 
keep the mouth of the test tube covered. About 10 c.c. of the 
gas in the first tube collected is transferred by decantation in a 
mercury trough to another tube, and treated with potassic hydrate 
and pyrogallic acid, when, if after a few minutes it is absorbed, 
with the exception of a very small bubble, the gas in that^ and the 
remaining tubes may be considered pure. If not, the first tube is 
rejected, and the second tested in the same way, and so on. 

(fi) Hydric Meta phosphate, — The glacial hydric metaphosphate, 
usually sold in sticks, is generally free from ammonia, or very 
nearly so. A solution should be made containing about 100 gm. 
in a liter. It should be so far free from ammonia as that 10 c.c. 
do not contain an appreciable quantity. 

{y) Calcic Phosphate. — Prepared by precipitating common 
disodic phosphate with calcic chloride, washing the precipitate 
with water by decantation, drying, and heating to redness for an 
hour. 



C. Be-asrents required for the Estimation of Kitrogren present as 
Nitrates and Nitrites (Cram's process). 

(a) Concentrated Sulphuric Acid, — The ordinary colourless acid 
is usually free from nitrates and nitrites. It should bo tested 
before use by the method described hereafter for the estimation of 
nitrogen as nitrates (§ 83.6). 

(/3) Potassic Permanganate. — Dissolve about 10 gm. of crys- 
tallized potassic permanganate in a liter of distilled water. 

(y) Sodic Carbonate, — Dissolve about 10 gm. of dry, or an 
equivalent quantity of crystallized sodic carbonate free from 
nitrates, in a liter of distilled water. 



Digitized by VjOOQIC 



§ 83. VOLUxMETRIC ANALYSIS. 331 



For the Estimation of Nitrofiren as Nitrates and Nitrites in Waters 
6ontainin8r a very largre quantity of Soluble Matter, but little 
Orgranic Nitrogren. 

(5) Metallic Aluminium, — As thin foil. • 

(e) Solution of Sodic Hydrate. — Dissolve 100 gm. of solid 
sodic hydrate in a liter of distilled water ; when cold, put it in a 
tall glass cylinder, and introduce about 100 sq. cm. of aluminium 
foil, which must be kept at the bottom of the solution by means 
of a glass rod. When the aluminium is dissolved, boil the solution 
briskly in a porcelain basin until about one-third of its volume has 
been evaporated, allow to cool, and make up to its original volume 
with water free from ammonia. The absence of nitrates is thus 
ensured. 

(f) Broken Pumice. — Clean pumice is broken in pieces of the 
size of small peas, sifted free from dust, heated to redness for about 
an hour, and kept in a closely stoppered bottle. 

(17) Hydrochloric Acid free from Ammonia,-r-li the ordinary 
pure acid is not free from ammonia, it should be rectified from 
sulphuric acid. As only two or three drops are used in each 
experiment, it -will be sufficient if that quantity does not contain 
an appreciable proportion of ammonia. 

For the Estimation of Nltrogren as NitrJites and Nitrites by the 
Indigro Process. 

The necessary solutions for this method have already been fully 
described on p. 216. 

For the Estimation of Nitrites by Griess's Process. 

(0) Meta-phenylene'diamine, — A half per cent, solution of the 
base in very dilute sulphuric or hydrochloric acid. The base alone 
is not permanent. If too highly coloured, it may be bleached by 
pure animal charcoal. 

(t) Dilute Sulphuric Acid.—OnQ volume of acid to two of 
water. 

{k) Standard Potassic or Sodic Nitrite. — Dissolve 0*406 gm. 
of pure silver nitrite in boiling distilled water, and add pure 
potassic or sodic chloride till no further precipitate of silver 
chloride occurs. Make up to a liter ; let the silver chloride settle, 
and dilute 100 c.c. of the clear liquid to a liter. It should be kept 
in small stoppered bottles completely filled, and in the dark. 

1 C.C. = 0-01 m.gm. N«0^ 

The colour produced by the reaction of nitrous acid on meta- 
phenylene-diamine is triamidoazo-benzene, or "Bismarck brown." 
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D. Be-aflrento required for the Bstimatlon of Ohlorine preeent as 

Chloride. 

(a) Standard Solution of Argentic i^t^m^c— Dissolve 2-3944 
gm. of pure reciystallized argentic nitrate in distilled water, and 
make up to a liter. In use it is convenient to measure it from a 
burette which holds 10 cc. and is divided into tenths. 

(/J) Solution of Potauic Chromate. — A strong solution of pure 
neutral potassic chromate free from chlorine. It is most con- 
veniently kept in a bottle similar to that used for the solution of 
ferrous chloride (B. l). 



hydnc 



B. Be-affents required for determination of Hardn e— . 

Standard Solution of Calcic Chloride, — Dissolve in dilute 
iric chloride, in a platinum dish, 0*2 gm. of pure crystallized 
calcite, adding the acid gradually, and having the dish covered 
with a glass plate, to prevent loss by spirting. When all is 
dissolved, evaporate to dryness on a water bath, add a little distilled 
water, and again evaporate to dryness. Kepeat the evaporation 
several times to ensure complete expulsion of hydric chloride. 
Lastly, dissolve the calcic chloride in distilled water, and make up 
to one liter. 

(j3) Standard Solution of Potassic iSoa/;.— Rub together in a 
mortar 150 parts of lead plaster (Emplast. Plumbi of the druggists) 
and 40 parts of dry potassic carbonata When they are fairly 
mixed, add a little methylated spirit, and continue triturating untU 
an uniform creamy mixture is obtained. Allow to stand for some 
hours, then throw on to a filter, and wash several times with 
methylated spirit The strong solution of soap thus obtained 
must be diluted with a mixture of one volume of distilled water 
and two volumes of methylated spirit (considering the soap solution 
as spirit), until exactly 14*25 cc. are required to form a permanent 
lather with 50 cc. of the standard calcic chloride (B. a), the 
experiment being performed precisely as in determining the hard- 
ness of a water. A preliminary assay should be made with a small 
quantity of the strong soap solution to ascertain its strength. 
After making the solution approximately of the right strength, 
allow it to stand twenty-four hours ; and then, if necessary, filter 
it) and afterwards adjust its strength accurately. It is better to 
make the solution a little too strong at first, and dilute it to the 
exact strength required, as it is easier to add alcohol accurately 
than strong soap solution. 
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TEB ANAIiYTIOAIi PBOCB88B8. 

§ 84. To form, for sanitary purposea, an opinion of the character 
of a natural water or sewage, it will in most cases suffice to deter- 
mine the nitrogen as ammonia, organic carbon, organic nitrogen, 
total solid matter, nitrogen as nitrates and nitrites, suspended 
matter, chlorine, and hardness; and in the following pages the 
estimation of these will be considered in detail, and then, more 
briefly, that of other impurities. 

The method of estimating nitrogen as ammonia is substantially 
that described by the late W. A. Miller {J. C. 8. [2] iii. p. 125), 
and that for estimating organic carbon and nitrogen, was devised 
by Frankland and Armstrong, and described by them in the 
same journal ([2] vi p. 77 et aeq.). 



1. OoUeotion of Samples. 

The points to be considered under this head are, the vessel to be 
used, the quantity of water required, and the method of ensuring 
a truly representative sample. 

Stoneware bottles should be avoided, as they are apt to affect the 
hardness of the water, and are more difficult to clean than glass. 
Stoppered glass bottles should be used if possible; those known 
as *' Winchester Quarts," which hold about two and a half liters 
each, are very convenient and easy to procure. One of these will 
contain sufficient for the general analysis of sewage and largely 
polluted rivers, two for well waters and ordinary rivers and streams, 
and three for lakes and mountain springs. If a more detailed 
analysis is required, of course a larger quantity must be taken. 

If corks must be used, they should be neto^ and well washed 
with the water at the time of collection. 

In collecting from a well, river, or tank, plunge the bottle itself, 
if possible, below the surface ; but if an intermediate vessel must be 
used, see that it is thoroughly clean and well rinsed with the water. 
Avoid the surface water and also any deposit at the bottom. 

If the sample is taken from a pump or tap, take care to let the 
water which has been standing in the pump or. pipe run off before 
collecting, then allow the stream to flow directly into the bottle. 
If it is to represent a town water-supply, take it from the service 
pipe communicating directly with the street main, and not from a 
cistern. 

In every case, flrst fill the bottle completely with the water, 
empty it again, rinse once or twice carefully with the water, and 
then fill it nearly to the stopper, and tie down tightly. 

At the time of collection note the source of the sample, whether 
from a deep or shallow well, a river, or spring, and aJso its local 
name so that it may be clearly identified. 
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If it is from a well, ascertain the nature of the soil, subsoil, and 
water-bearing stratum ; the depth and diameter of the well, its 
distance from neighbouring cesspools, drains, or other sources of 
pollution ; whether it passes through an impervious stratum before 
entering the water-bearing stratum, and if so, whether the sides of 
the well above this are, or are not, water-tight. 

If the sample is from a river, ascertain the distance from the 
source to the point of collection; whether any pollution takes 
place above that point, and the geological nature of the district 
through which it flows. 

If it is from a spring, take note of the stratum from which it 
issues. 



2. Preliminary ObBervatioxui. 

In order to ensure uniformity, the bottle should invariably be 
well shaken before taking out a portion of the sample for any 
purpose. The colour should be observed as seen in a tall, narrow 
cylinder standing upon a white surface. It is well to compare it 
with distilled water in a similar vessel. The taste and odour are 
most easily detected when the water is heated to 30° — 35** C. 

Before commencing the quantitative analysis, it is necessary to 
decide whether the water shall be filtered or not before analysis. 
This must depend on the purpose for which the examination is 
undertaken. As a general rule, if the suspended matter is to bo 
determined, the water should be filtered before the estimation of 
organic carbon and nitrogen, nitrogen as ammonia, and total solid 
residue ; if otherwise, it should merely be shaken up. If the sus- 
pended matter is not determined, the appearance of the water, as 
whether it is clear or turbid, should be noted. This is conveniently 
done when measuring out the quantity to be used for the estimation 
of organic carbon and nitrogen. If the measuring flask be held 
between the eye and a good source of light, but with an opaque 
object, such as a window bar, in the line drawn from the eye 
through the centre of the flask, any suspended particles will be seen 
well illuminated on a dark ground. 

Water derived from a newly sunk well, or which has been 
rendered turbid by the introduction of innocuous mineral matter 
from some temporary and exceptional cause should be filtered, 
but the suspended matter in most cases need not be determined. 
The introduction of organic matter of any kind would almost 
always render the sample useless. 



3. Estimation of Kitrogren as Ammonia. 

Place about 50 c.c. of the water in a glass cylinder about 150 
m.m. high, and of about 70 c.c. capacity, standing upon a white 
glazed tile or white paper. Add about 1 c.c. of Nessler'a solution 
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(a. a), stir with a clean glass rod, and allow to stand for a niimite 
or so. If the colour then seen does not exceed in intensity that 
produced when O'l c.c. of the standard amnionic chloride (A. /S) 
is added to 50 c.c. of water free from ammonia (A. 5), and treated 
in the same way, half a liter of the water should be used for the 
estimation. If the colour be darker, a proportionately smaller 
quantity should be taken ; but it is not convenient to use less than 
20 or 25 c.c. 

If it has been decided that the water should be filtered before 
analysis, care must be taken, should it contain only a small quan- 
tity of ammonia, that the filter paper is free from ammonia. If it 
is not, it must be steeped in water free from ammonia for a day or 
so, and when used, the first portion of the filtrate rejected. 
Wathing with water, even if many times repeated, is generally 
ineffectual. When a large quantity of ammonia is present, as in 
highly polluted water and sewage, any ammonia in the filter paper 
may be neglected. A moderate quantity of suspended matter may 
also generally be neglected with safety, even if the water is to be 
filtered in estimating organic carbon and nitrogen and total solid 
matter. 

The water, filtered or unfiltered as the case may be, should bo 
carefully measured and introduced into a capacious retort, connected 
by an india-rubber joint with a Liebig's condenser, the volume 
being, if necessary, made up to about 400 c.c. with water free from 
ammonia. Add about 1 gm. of sodic carbonate (A. y), and distil 
rapidly, applying the lamp flame directly to the retort, and collect 
the distillate in a small glass cylinder, such as is described above. 
When about 50 c.c. have distillexL into the first cylinder, put it aside 
and collect a second 50 c.c, and as soon as that is over remove the 
lamp, and add to the second distillate about 1 c.c. of Nessler's 
solution, stir with a clean glass rod, and allow to stand on a white 
tUe or sheet of paper for five minutes. To estimate the ammonia 
present, measure into a similar cylinder as much of the standard 
ammonic chloride solution as you judge by the colour to be present 
in the distillate ; make it up with water free from ammonia to the 
same volume, and treat with Nessler's solution in precisely the 
same way. If, on standing, the intensity of colour in the two 
cylinders is equal, the quantity of ammonia is also equal, and this 
is known in the trial cylinder. If it is not equal, another trial 
must be made with a greater or less quantity of ammonic chloride. 
The ammonic chloride must not be added after the ^^essler's 
solution, or a turbidity will be produced which entirely prevents 
accurate comparison. If the ammonia in the second distillate does 
not exceed that in 0'2 c.c. of the standard ammonic chloride, the 
distillation need not be proceeded with any farther, but if other- 
wise, successive quantities must be distilled and tested until 
ammonia ceases to be found. If the ammonia in the second 
distillate corresponds to 0*4 c.c. or less of the ammonic chloride, 
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that in the first may be estimated in the same way ; but if the 
second contains a greater quantity of ammonia, the first must be 
measured, and an diquot part taken and diluted to about 50 c.c. 
-with water free from ammonia, as it is likely to contain so much 
ammonia as to give a colour too intense to admit of easy com- 
parison. A colour produced by more than 2 c.c. of ammonio 
chloride cannot be conveniently employed. When, as in the case 
of sewage, a large quantity of ammonia is known to be present, it 
saves trouble to distil about 100 c.c. at first, and at once take an 
aliquot part of that, as above described. If the liquid spirts in 
distUling, arrange the retort so that the joint between the retort 
and condenser is the highest point; the distillation will proceed 
rather more slowly, but anything carried up mechanically will be 
returned to the retort. When the ammonia has been estimated in 
'all the distillates, add together the corresponding volumes of 
ammonic chloride solution ; then, if 500 c.c. have been employed 
for the experiment, the number of c.c. of ammonic chloride used 
divided by 100 will give the quantity of nitrogen as ammonia in 
100,000 parts of the water; if less than that, say y c.c. have been 
used, multiply the volume of ammonic chloride by ^.^^ and divide 
by 100 as before. 

Before commencing this operation, ascertain that the retort and 
condenser are free from ammonia by distilling a little common 
water or distilled water with sodic carbonate unUl the distillate is 
free from ammonia. Eemove the residue then, and after each 
estimation, by means of a glass syphon, without disconnecting the 
retort. If a small quantity of water is to be distilled, the residue 
or part of it ^m a previous experiment may be left in the retort, 
instead of adding water free from ammonia, care being taken that 
the previous distillation was continued until ammonia ceased to be 
evolved. 

When urea is present the evolution of ammonia is long con- 
tinued, owing to the decomposition of the urea. In such cases, 
collect the distillate in smaller quantities, and as soon as the first 
rapid diminution in the amount of ammonia has ceased, neglect the 
remainder, as this would be due almost wholly to decomposition of 
the urea. 



4. EBtlmatlon of Orsranio Carbon and Nitrogen. 

This should be commenced as soon as the nitrogen as ammonia 
has been determined. If that is less than 0*05 part per 100,000, 
a liter should be used ; if more than 0*05, and less than 0*2, half 
a liter ; if more than 0*2 and less than 1 -0, a quarter of a liter ; if 
more than 1*0, a hundred c.c. or less. These quantities are given 
as a guide in dealing with ordinaiy waters and sewage, but subject 
to variation in exceptional cases. A quantity which is too large 
should be avoided as entailing needless trouble in evaporation, and 
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an inconyeniently bulky residue and resulting gas. If it is to be 
filtered before analysis, the same precaution as to filter paper must 
be taken as for estimation of nitrogen as ammonia, the same filter 
being generally used. 

Having .measured the quantity to be used, add to it in a capacious 
fiask 15 CO. of the solution of sulphurous acid (B. /3), and boil 
briskly for a few seconds, in order to decompose the carbonates 
present. Evaporate to dryness in a hemispherical glass dish, about 
a decimeter in diameter, and preferably without a lip, supported in a 
copper dish with a flange (fig. 41, c/ e). The flange has a diameter of 
about 14 centimeters, is sloped slightly towards the centre, and has 
a rim of about 5 m.m. turned up on its edge, except at one point, 
where a small lip is provided. The concave portion is made to fit 
the contour of the outside of the glass dishes, and is of such a depth 
as to allow the edge of the dish to rise about 15 m.m. above the 
flange. The diameter of the concavity at/ is about 90 m.m., and 
the depth at g about 30 m.m. A thin glass shade, such as is used 
to protect statuettes, about 30 centimeters high, stands on the 
flange of the copper dish, its diameter being such as to fit without 
difficulty on the flange, and leave a sufficient space between its 
interior surface and the edge of the glass disk The copper dish 
is supported on a steam or water bath, and the water as it evapo- 
rates is condensed on the interior of the glass shade, runs down 
into the copper dish, filling the space between it and the glass dish, 
and then passes ofif by the lip at the edge of the flange, a piece of 
tape held by the edge of the glass shade, and hanging over the lip, 
guiding it into a vessel placed to receive it 

We are indebted to Bischof for an improved apparatus for 
evaporation, which by keeping the dish always full by a self-acting 
contrivance, permits the operation to proceed without attention 
during the night, and thus greatly reduces the time required. 
This form of apparatus is shown in fig. 41. The glass dish d is 
supported by a copper dish e as described above, and resting on 
the latter is a stout copper ring 7i which is slightly conical, being 
115 m.m. in diameter at the top and 130 at the bottom. At the top 
is a narrow flange of about 10 m.m. with a vertical rim of about 
5 m.m. The diameter across this flange is the same as the diameter 
of the dish e, so that the glass shade i will fit securely either on h 
or e. The height of the conical ring is about 80 m.m. 

The automatic supply is accomplished on the well-known prin- 
ciple of the bird fountain, by means of a delivery tube &, the upper 
end of which is enlarged to receive the neck of the flask a con- 
taining the water to be evaporated, the joint being carefidly gi'ound 
so as to be water-tight The upper vertical part of 6, including 
this enlargement, is about 80 m.m. in length, and the sloping part 
about 260 m.m. with a diameter of 13 m.m. The lower end 
which goes into the dish is again vertical for about 85 m.m., and 
carries a side tube c of about 3 m.m. internal diameter, by which 
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air enters the delivery tube whenever the level of the water in the 
dish falls below the point at which the side tube joins the delivery 
tube. The distance from this point to the end of the tube which 
rests on the bottom of the dish at g, and is there somewhat con- 
stricted, is about 30 m.m. The side tube c should not be attached 
on the side next the flask, as if so the inclined part of b passes 
over its mouth and renders it veiy difficult to clean. Mills pre- 
vents circulation of liquid in the sloping part of the tube by 




Fig. 41. 



beuduig'it into a slightly undulatingl form, so that permanent 
bubbles of air are caught and detained at two points in it The 
flask a should hold about 1200 c.c, and have a i-ather narrow neck 
— about 20 ni.m. — and a flat bottom. A small slot is cut in the 
upper edge of the copper ring 7i to accommodate the delivery tube, 
OS shown in fig. 42. Its size and shape should bo such that tho 
tube does not touch the edge of the glass shade /, lest water run- 
ning down the inner surface of the shade should find its way down 
the outside of the delivery tube into the dish. This being avoided, 
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the opening should be as closely adjusted to the size of the delivery 
tube as can be. The copper dish e should rest on a steam or water 
bath, so that only the spherical part is exposed to the heat. 

After the addition of the 15 c.c. of sulphurous acid, the water 
may either be boiled in the flask a, or in another more capacious 
one, and then transferred to a. It should be allowed to cool 
before the delivery tube is adjusted, otherwise the joint between the 
two is liable to become loose by expansion of the cold socket of the 
delivery tube, after being placed over the hot neck of the flask. 

The glass dish having been placed on the copper dish 6, the 
conical ring h is fitted on, and the flask with the delivery tube 
attached inverted, as shown in flg. 41, a, h. This should not be 
done too hurriedly, and with a little care there is no risk of loss. 
The flask is supported either by a large wooden Altering stand, the 
ring of which has had a slot cut in it to allow the neck of the flask 
to pass, or by a clamp applied to the upper end of the delivery 
tube where the neck of the flask fits in. The delivery tube having 
been placed in the slot made to receive it, the glass shade is fitted 
on, and the evaporation allowed to proceed. When all the water 
has passed from the flask into the dish, the flask and delivery tube, 
and the conical ring h may be removed, and the glass shade placed 
directly on the dish e until the evaporation is complete. If the 
water is expected to contain a large quantity of nitrates, two or 
three drops of chloride of iron (B. 1) should be added to the first 
dishful ; and if it contains little or no carbonate, one or two c.c. 
of hydric sodic sulphite (b. y). The former facilitates the destruc- 
tion of nitrates and nitrites, and the latter furnishes base for the 
sulphuric acid produced by oxidation of the sulphurous acid, and 
which would, if free, decompose the organic matter when concen- 
trated by evaporation. An estimate of the quantity of carbonate 
present, sufficiently accurate for this purpose, may generally be made 
by observing the quantity of precipitate thrown down on addition 
of sodic carbonate in the determination of nitrogen as ammonia. 

With sewages and very impure waters (containing upwards of 0*1 
part of nitrogen as ammonia per 100,000 for example) such great 
precaution is hardly necessary, and the quantity to evaporate being 
small, the evaporation may be conducted in a glass dish placed 
directly over a steam bath, and covered with a drum or disc of filter 
paper made by stretching the paper by means of two hoops of light 
split cane, one thrust into the other, the paper being between them, 
in the way often employed in making dialysers. This protects the 
contents of the dish from dust, and also, to a great extent, from 
ammonia which may be in the atmosphere, and which would impair 
the accuracy of the results. As a glass dish would be in some danger 
of breaking by the introduction of cold water, the flask containing 
the water bjing evaporated in this or in the first described manner, 
must be kept on a hot plate or sandbath at a temperature of about 
60° or 70** C, and should be covered with a watch-glass. This 
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precaution is not necessary when Bischof's apparatus is usetL 
If, at any time, the water in the flask ceases to smell strongly of 
sidphurous acid, more should be added. The preliminary boiling 
may be omitted when less than 250 c.c. is used. When the 
nitrogen as nitrates and nitrites exceeds 0*5 part, the dish, after 
the evaporation has been carried to dryness, should be filled with 
distilled water containing ten per cent, of saturated sulphurous 
acid solution, and the evaporation again carried to dryness. If it 
exceeds 1 -0 part, a quarter of a liter of this solution should be 
evaporated on the residue ; if 2*0 parts, half a liter ; and if 5 parts, 
a liter. If less than a liter has been evaporated, a proportionally 
smaller volume of this solution may be used. The estimation of 
nitrogen as nitrates and nitrites will usually be accomplished before 
this stage of the evaporation is reached. 

M. AV. Williams proposes to avoid the use of sulphurous acid, 
with its acknowledged disadvantages and defects, by removing 
the nitric and nitrous acids with the zinc- copper couple and 
converting them into ammonia. If the amount is large, it is best 
distilled from a retort into weak acid; if small, into an empty 
N easier tube. The amount so found is calculated into nitrogen 
as nitrates and nitrites, if the latter are found in the water. The 
residue, when free from ammonia, is further concentrated, the 
separated carbonates redissolved in phosphoric or sulphurous 
acid, in just sufficient quantity, then transferred to a glass 
basin for evaporation to dryness as usual ready for combustion 
(./. C. S. 1881, p. 144). 

In the case of sewage, however, it is advisable to employ hydric 
metaphosphate in the place of sulphurous acid, as the ammonic 
phosphate is even less volatile than the sulphite. This can only 
be employed for sewage and similar liquids, which are free from 
nitrates and nitrites. To the measured quantity of liquid to bo 
evaporated add, in the glass dish, 10 c.c. of the hydric metaphos- 
phate (b. fi), {\nd, in order to render the residue more convenient 
to detach from the dish, about half a gram of calcic phosphate 
(b. i/), and proceed as usual. No chloride of iron, sulphurous 
acid, or sodic sulphite is required; nor is it necessary to boil 
before commencing the evaporation . 

The next operation is the combustion of the residue. The 
combustion tube should be of hard, difficultly fusible glass, with 
an internal diameter of about 10 m.m. Cut it in lengths of about 
430 m.m., and heat one end of each in the blowpipe flame to round 
tlie edge. Wash well with water, bmshing the interior carefully 
with a tube brush introduced at the end whose edge has been 
rounded, rinse with distilled water, and dry in an oven. When 
dry, draw off and close, at the blowpipe, the end whose edge has 
been left sharp. The tube is then ready for usa 

Pour on to the perfectly dry residue in the glass dish, standing 
on a sheet of white glazed paper, a little of the fine cupric oxide 
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(b. e), and with the aid of a small elastic steel spatula (about 100 
TD.m. long and 15 m.m. wide) carefully detach the residue from the 
glass and rub it down with the cupric oxide. The spatula readily 
accommodates itself to the curvatui-e of the dish, and effectually 
scrapes its surface. When the contents of the dish are fairly 
mixed, fill about 30 m.m. of the length of the combustion tube 
with granulated cupric oxide (b. e), and transfer the mixture in the 
dish to the tube. This is done in the usual way by a scooping 
motion of the end of the tube in the dish, the last portions being 
transferred by the help of a bent card or a piece of clean and smooth 
platinum foil. Rinse the dish twice with a little fine cupric oxide, 
rubbing it well round each time with the spatula, and transfer to 
the tube as before. Any particles scattered on the paper are also 
to be put in. Fill up to a distance of 270 m.m. from the closed 
end with granular cupric oxide, put in a cylinder of metallic copper 
(b. f), and then again 20 m.m. of granular cupric oxide. This last 
is to oxidize any traces of carbonic oxide which might be formed 
from carbonic anhydride by the reducing action of iron or other 
impurity in the metallic copper. Now draw out the end of the 
tube so as to form a neck about 100 m.m. long and 4 m.m. in 
diameter, fuse the end of this to avoid injury to the india-rubber 
connector, and bend it at right angles. It is now ready to be placed 
in the combustion furnace and attached to the Sprengel pump. 

The most convenient form of this instrument for the purpose is 
shown in fig. 43. The glass funnel a is kept supplied with mercury, 
and is connected by a caoutchouc joint with a long narrow glass 
tube which passes down nearly to the bottom of a wider tube (7, 
900 m.m. long, and 10 m.m. in internal diameter. The upper end 
of d is cemented into the throat of a glass funnel c from which 
the neck has been removed. A screw clamp h regulates the flow of 
mercury down the narrow tuba A piece of ordinary glass tube fg^ 
about 6 m.m. in diameter and 600 m.m. in length, is attached at g 
to a tube ghh, about 6 m.m. in diameter, 1500 m.m. long with a 
bore of 1 m.m. This is bent sharply on itself at A, the part hk 
being 1300 m.m. long, and the two limbs are firmly lashed together 
with copper wire at two points, the tubes being preserved from 
injury by short sheaths of caoutchouc tube. The end k is recurved 
for the delivery of gas. At the top of the bend at h^ a piece of 
ordinary tube h Z, about 120 m.m. long, and 5 m.m. in diameter, is 
sealed on. The whole Z A; is kept in a vertical position by a loose 
support or guide, near its upper part, the whole of its weight resting 
on the end A:, so that it is comparatively free to move. It is con- 
nected at/ with the lower end of cT, by means of a piece of caout- 
chouc tube covered mth tape, and furnished with a screw clamp e. 
At /it is connected with the combustion tube o, by the connecting 
tube Imn, which is made of tube similar to that used for h k. A 
cork slides on h Z, which is fitted into the lower end of a short 
piece of tube of a width sufficient to pass easily over the caoutchouc 
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joint connecting the tubes at I After the joint has been arranged 
(the ends of the tubes just touching) and bound with wire, the 




Fig. 43. 



cork and wide tube are pushed over it and filled with glycerine. 
The joint at n is of exactly the same kind, but as it has to be fre- 
quently disconnected, water is used instead of glycerine, and the 
caoutchouc is not bound on to the combustion tube with wire. It 
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vrill be seen that the joint at Z is introduced chiefly to give flexi- 
bility to the apparatus. At m is a small bulb blown on the tube 
for the purpose of receiving water produced in the combustion. 
This is immersed in a small water trough z. The tube h k stands in a 
mercury trough p, which is shown in plan on a larger scale at B. 

This trough should be cut out of a solid piece of mahogany, as it 
is extremely difficult to make joints to resist the pressure of such a 
depth of mercury. It is 200 m.m. long, 155 m.m. wide, and 100 
m.m. deep, outside measurement The edge r r is 13 m.m. wide, 
and the shelf « 65 m.m. wide, 174 m.m. long, and 50 m.m. deep 
from the top of the trough. The channel ^ is 25 m.m. wide, and 
75 m.m. deep, having at one end a circular well tr, 42 m.m. in 
diameter, and 90 m.m. deep. The recesses u u are to receive the 
ends of two Sprengel pumps. They are each 40 m.m. long, 25 m.m. 
wide, and of the same depth as the channel t A short iron wire v, 
turning on a small staple, and resting at the other end against an 
iron pin, stretches across each of these, and serves as a kind of 
gate to support the test tube, in which the gas delivered by the 
pump is collected. The trough stands upon four legs, 75 m.m. 
high, and is provided at the side with a tube and screw clamp q^ by 
which the mercury may be drawn off to the level of the shelf 8, 

The combustion tube being placed in the furnace, protected from 
the direct action of the flame by a sheet-iron trough lined with 
asbestos, and the water joint at n adjusted, the gas is lighted at the 
front part of furnace so as to heat the whole of the metallic copper 
and part of the cupric oxide. A small screen of sheet iron is 
adjusted astride of the combustion tube to protect the part beyond 
the point up to which the gaa is burning from the heat. 

At the same time a stream of mercury is allowed to flow from the 
funnel a, which fills the tubes d and / until it reaches /i, when it 
falls in a series of pellets down the narrow tube h ky each carrying 
before it a quantity of air drawn from the combustion tuba The 
flow of mercury must be controlled by means of the clamps b and 6, 
so as not to be too rapid to admit of the formation of these separate 
pistons, and especially, care should be taken not to permit it to go 
so fast as to mount into the connecting tube Z m n, as it cannot be 
removed thence except by disconnecting the tube. During the 
exhaustion, the trough x is filled with hot water to expel from the 
bulb m any water condensed from a previous operation. In about 
ten minutes the mercury will fall in the tube h k with a loud, sharp, 
clicking sound, showing that the vacuum is complete. As soon as 
this occurs, the pump may be stopped, a test tube filled with mercury 
inverted over the delivery end of the tube Ar, cold water substituted 
for hot in the trough a;, the iron screen removed, and combustion 
proceeded with in the usual way. This will take from fifty to sixty 
minutes. As soon as the whole of the tube is heated to redness, the 
gas is turned off, and the tube immediately exhausted, the gases pro- 
duced being transferred to the tube placed to receive them. When 
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the exhaustion is complete, the test tube of gas may be removed in 
a small beaker, and transferred to the gas analysis apparatus. 

This gas collected consists of carbonic anhydride, nitric oxide, 
nitrogen, and (very rarely) carbonic oxide, which can readily be 




Fig. 44. 



separated and estimated by the ordinary methods of gas analysia 
This is rapidly accomplished with the apparatus described in 
Part VIL, or the simpler form, shown in the accompanying diagram, 



Digitized by VjOOQIC 



§ 84. VOLUMETRIC ANALYSIS. 345 

which, whilst it does not permit of analysis by explosion, leayes 
nothing to be desired for this particular operation. It is essentiaUy 
that described by Frankland {J, C. 8. [2] vi p. 109), but is 
slightly modified in arrangement. In the diagram, a c d is a 
measuring tube, of which the cylindrical portion a is 370 m.m. 
long, and 18 m.m. in internal diameter, the part c 40 m.m. long, 
and 7 nLm. in diameter, and the part c^ 175 m.m. long, and 2 '5 m.m. 
in diameter^ To the upper end of d a tube, with a capillary bore 
and stop-cock /, is attached, and bent at right angles. Allowing 
20 m.m. for each of the conical portions at the joints between a 
and c, and c and d^ and 25 m.m. for the yertical part of the capil- 
lary tube, the vertical measurement of the entire tube is 650 m.m. 
It is graduated carefully, from below upward, at intervals of 10 ni.m., 
the zero being about 100 m.m. from the end, as about that length 
of it is hidden by its support, and therefore unavailable. The 
topmost 10 m.m. of d should be divided into single millimeters. 
At the free end of the capillary tube a small steel cap, shown in 
fig. 45, B, is cemented gas-tight. The lower end of a is drawn out 





Fig. 45. 

to a diameter of 5 m.m. The tube h is about 1 '2 meter long, and 
6 m.m. internal diameter, is drawn out like a at the lower end, and 
graduated in millimeters from below upward, the zero being about 
100 ni.m. firom the end.* The tubes ac d and h pass through a 
caoutchouc stopper o, which fits into the lower end of a glass 
cylinder n tiy intended to contain water to give a definite tempera- 
ture to the gas in measuring. The zeros of the graduations should 
be about 10 m.m. above this stopper. Immediately below this 
the tubes are firmly clasped by the wooden clamp p (shown in end 
elevation and plan at fig. 44, B, C), the two parts of which are 
drawn together by screws, the tubes being protected from injury by 
a piece of caoutchouc tube fitted over each. The clamp is supported 
on an upright piece of wood, screwed firmly to the base A. If the 
stopper is carefully fitted, and the tubes tightly clamped, no 
other support than p will be necessary. The tubes below the clamp 
are connected by joints of caoutchouc covered with tape, and 
strongly bound with wire, to the vertical legs of the union-piece q, 
to the horizontal leg of which is attached a long caoutchouc tube 
of about 2 m.m. internal diameter, which passes to the glass reser- 
voir t This tube must be covered with strong tape, or (less 

* The gradoation is not shown in the dlsgnun. 
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conveniently) have a lining of canvas between two layers of caout- 
chouc, as it will be exposed to considerable pressure. In its course 
it passes through the double screw steel pinch-cock r, the lower bar 
of which is fixed to the side of the clamp p. It is essential that 
the screws of the pinch-cock should have smooth collars like that 
shown in fig. 45 A, and that the upper surface of the upper bar 
of the pinch-cock should be quite flat, the surfaces between which 
the tube is passed being cylindrical. 

Frankland has introduced a form of joint by which the steel 
caps and clamp are dispensed with. The capillary tube at the 
upper end of a c c2 is expanded into a small cup or funnel, and 
the capillary tube of the laboratory vessel bent twice at right 
angles, the end being drawn out in a conical form to fit into the 
neck of the above-named cup. The opposed surfaces are fitted 
by grinding or by covering the conical end of the laboratory 
vessel with thin sheet caoutchouc. The joint is kept tight by 
an elastic band attached at one end to the stand, and at the other 
to a hook on the horizontal tube of the laboratory vessel, and 
the cup is filled with mercury. 

In the base A is fixed a stout iron rod, 1 *4 meter long, with a 



i 




fi 




Fig. 46. 



Fig. 47. 



short horizontal arm at its upper end, containing two grooved 
pulleys.' The reservoir t is suspended by a cord passing over these 
pulleys, and attached to an eye u in the iron rod, the length of the 
cord being such that, when at full stretch, the bottom of the 
reservoir is level with the bottom of the clamp p, A loop is made 
on the cord, which can be secured by a hook v on the rod, so that 
when thus suspended, the bottom of / is about 100 m.m. above the 
stop-cock /. A stout elastic band fitted round t at its laigest 
diameter acts usefully as a fender to protect it from an accidental 
blow against the iron rod. A thermometer e, suspended by a wire 
hook from the edge of the cylinder n w, gives the temperature of 
the contained water, the uniformity of which may be insured 
(though it is scarcely necessary) by passing a slow succession of 
bubbles of air through it, or by moving up and down in it a wire 
with its end bent into the form of a ring. The jar /? is called the 
laboratory vessel, and is 100 m.m. high, and 3d m.m. in internal 
diameter, having a capillary tube, glass stop-cock, and steel cap g' h 
exactly like / g. The mercury trough I is shown in figs. 46 and 
47. It is of solid mahogany, 265 m,m. long, 80 m.m. broad, and 
90 m.m. deep, outside measurement. The rim a a a a is 8 m.m. 
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broad, and 15 in.m. deep. The excavation h is 230 m.m. long, 
26 m.m. broad, and 65 m.m. deep, with a circular cavity to receive 
the laboratory vessel sunk at one end, 45 m.m. in diameter, and 
20 m.m. in depth below the top of the excavation. Two small 
lateral indentations c c (fig. 47) near the other end accommodate a 
capsule for transferring to the trough tubes containing gas. This 
trough rests upon a telescope table, which can be fixed at any 
height by means of a screw, and is supported on three feet. It 
must be arranged, so that when the laboratory vessel is in its place 
in the trough, the two steel caps exactly correspond face to face. 

The difference of level of the mercury in the tubes b and a c d, 
caused by capillary action, when both are freely open to the air, 
must be ascertained by taking several careful observations. This 
will be different for each of the portions a c and d, and must bo 
added to or deducted from the observed pressure, as the mercury 
when thus freely exposed in both tubes to the atmospheric pressure 
stands in a c or d above or below that in b. This correction will 
include also any that may be necessary for difference of level of the 
zeros of the graduations of the two tubes, and, if the relative 
positions of these be altered, it must be redetermined. A small 
telescope, sliding on a vertical rod, should be used in these and 
all other readings of the level of mercury. 

The capacity of the measuring tube a c d^t each graduation 
must now be determined. This is readily done by first filling the 
whole apparatus with mercury, so that it drips from the cap g. 
The stop-cock / is then closed, a piece of caoutchouc tube slipped 
over the cap, and attached to a fannel supplied with distiUed 
water. The reservoir / being lowered, the clamp r and the stop- 
cock / are opened, so that the mercury returns to the reservoir, 
water entering through the capillary tube. As soon as it is below 
the zero of the graduation, the stop-cock / is closed, the funnel and 
caoutchouc tube removed from the cap, and the face of the last 
slightly greased in order that water may pass over it without 
adhering. Now raise the reservoir, open the stop-cock /, and allow 
the water to flow gently out until the top of the convex surface of 
the mercury in a just coincides with the zero of the graduation. 
The mercury should be controlled by the clamp r, so that the water 
issues under very slight pressure. Note the temperature of the 
water in the water-jacket, and proceed with the expulsion of the 
water, collecting it as it drops from the steel cap in a small carefully 
weighed glass flask. When the mercury has risen through 100 m.m. 
stop the flow of water, and weigh the flask. The weight of water 
which was contained between the graduations and 100 on the 
tube is then known, and if the temperature be 4^ C, the weight in 
grams will express the capacity of that part of the tube in cubic 
centimeters. If the temperature be other than 4*" C, the volume 
must be calculated by the aid of the co-efficient of expansion of 
water by heat. In a similar way the capacity of the tube at 
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successive graduations about 100 m.m apart is ascertained, the 
last determination in a being at the highest, and the first in g at 
the lowest graduation on the cylindricd part of each tube ; the 
tube between these points and similar points on c and d being so 
distorted by the glass blower that observations could not well be 
made. The capacity at a sufficient number of points being ascer- 
tained, that at each of the intermediate graduations may be 
calculated, and a table arranged with the capacity marked against 
each graduation. As the calculations in the analysis are made by 
the aid of logarithms, it is convenient to enter on this table the 
logarithms of the capacities instead of the natural numbers. 

In using the apparatus, the stop-cocks on the measuring tube and 
laboratory vessel should be slightly greased with a mixture of resin 
cerate and oil, the whole apparatus carefully filled with mercury, 
and the stop-cock / closed ; next place the laboratory vessel in 
position in the mercury trough, and suck out the air. This is 
readily and rapidly done by the aid of a short piece of caoutchouc 
tube, placed in the vessel just before it is put into the mercury 
trough, and drawn away as soon as the air is removed. Suck out 
any sniall bubbles of air still left through the capillary tube, and 
as soon as the vessel is entirely free from air close the stop-cock. 
Slightly grease the faces of both caps with resin cerate (to which a 
little oil should be added if very stiff), and clamp them tightly 
together. On opening bpth stop-cocks mercury should flow freely 
through the capillary communication thus formed, and the whole 
should be quite free from air. To ascertain if the joints are all in 
good order, close the stop-cock h^ and lower the reservoir < to its 
lowest position ; the joints and stop-cocks will thus be subjected to 
a pressure of nearly half an atmosphere, and any leakage would 
speedily be detected. If all be right, restore the reservoir to its 
upper position. 

Transfer the tube containing the gas to be analyzed to an 
ordinary porcelain mercury trough ; exchange the beaker in which 
it has been standing for a small porcelain capsule, and transfer it to 
the mercury trough l^ the capsule finding ample room where the 
trough is widened by the recess D. 

Carefully decant the gas to the laboratory vessel, and add a drop 
or two of potassic bichromate solution (B. 77) from a small pipette 
with a bent capillary delivery tube, to ascertain if the gas contains 
any sulphurous anhydride. If so, the yellow solution will imme- 
diately become green from the formation of a chromic salt, and the 
gas must be allowed to stand over the chromate for four or five 
minutes, a little more of the solution being added if necessary. 
The absorption may be greatly accelerated by gently shaking from 
time to time the stand on which the mercury trough rests, so as to 
cause the solution to wet the sides of the vessel. With care this 
may be done without danger to the apparatus. Mercury should be 
allowed to pass slowly into the laboratory vessel during the whole 
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time, as tlie drops falling tend to maintain a circulation both in 
the gas and in the absorbing liquid. The absence of sulphurous 
anhydride being ascertained, both stop-cocks are set fully open, the 
reservoir t lowered, and the gas transferred to the measuring tube. 
The stop-cock h should be closed as soon as the liquid from the 
laboratory vessel is within about 10 m.m. of it. The bore of the 
capillary tube is so fine, that the quantity of gas contained in it is 
too smsdl to affect the result. Next bring the top of the meniscus 
of mercury seen through the telescope exactly to coincide with one 
of the graduations on the measuring tube, the passage of mercury 
to or fix)m the reservoir being readily controlled by the pinch-cock ;•. 
Note the position of the mercury in the measuring tube and in the 
pressure tube &, the temperature of the water-jacket, and the height 
of the barometer, the level of the mercury in the pressure tube and 
barometer being read to the tenth of a m.m. and the thermometer 
to 01' C. This done, introduce into the laboratory vessel from a 
pipette with a bent point, a few drops of potassic hydrate solution 
(b. 0), and return the gas to the laboratory vessel The absorption 
of carbonic anhydride will be complete in about three to five 
minutes, and if the volume of the gas is large, may be much 
accelerated by gently shaking the stand from time to time, so as to 
throw up the liquid on the sides of the vessel. If the small 
pipettes used to introduce the various solutions are removed from 
the mercury trough gently, they will always contain a little mercury 
in the bend, which will suffice to keep the solution from flowing 
out, and they may be kept in readiness for use standing upright in 
glass cylinders or other convenient supports. At the end of five 
minutes the gas, which now consists of nitrogen and nitric oxide, 
is again transferred to the measuring tube, and the operation of 
measuring repeated ; the barometer, however, need not be observed, 
under ordinary circumstances, more than once for each analysis, as 
the atmospheric pressure will not materially vary during the 
twenty-five to thirty minutes required. Next pass into the labora- 
tory vessel a few drops of saturated solution of pyrogallic acid 
(B. (), and return the gas upon it. The object of adding the 
pyrogallic acid at this stage is to ascertain if oxygen is present, as 
sometimes happens when the total quantity of gas is very small, 
and the vacuum during the combustion but slightly impaired. 
Under such circumstances, traces of oxygen are given off by the 
cupric oxide, and pass so rapidly over the metallic copper, as to 
escape absorption. This necessarily involves the loss of any nitric 
oxide which also escapes the copper, but this is such a very small 
propoi-tion of an already small quantity that its loss will not 
appreciably affect the result. If oxygen be present, allow the gas 
to remain exposed to the action of the pyrogallate until the liquid 
when thrown up the sides of the laboratory vessel runs off without 
leaving a dark red stain. If oxygen be not present, a few bubbles 
of that gas (B. X) are introduced to oxidize the nitric oxide to 
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pemitric oxide, which is absorbed by the potassic hydrate. The 
oxygen may be yery convenieiiily added from the gas pipette showu 

in fig. 48, where a 6 are glass 
bulbs of about 50 m.m. dia- 
meter, connected by a glass 
tube, the bore of which is 
constricted at 0, so as to allow 
mercury to pass but slowly 
from one bulb to the other, 
and thus control the passage 
of gas through the narrow 
delivery tube d. The other 
end e is provided with a short piece of caoutchouc tube, by blowing 
through which any desired quantity of gas may be readily delivered. 
Care must be taken after use that the delivery tube is not removed 
from the trough till the angle d is filled with mercury. 

To replenish the pipette with oxygen, fill the bulb b and the 
tubes c and d with mercury ; introduce the point of d into a tube 
of oxygen standing in the mercury trough, and draw air from the 
tube e. The gas in b is confined between the mercury in c and 
that in d. 

When the excess of oxygen has been absorbed as above described, 
the residual gas, which consists of nitrogen, is measured, and the 
analysis is complete.* 

There are thus obtained three sets of obseiTations, from which, 
by the usual methods, we may calculate A the total volume, B the 
volume of nitric oxide and nitrogen, and C the volume of nitrogen, 
all reduced to 0* C. and 760 m.m. pressure ; from these may be 
obtained 

A — B=:vol. of C0^ 

B — C ^ B+C ,,,, 

— ^ — + C = — ^— = vol. of K, 

and hence the weight of carbon and nitrogen can be readily found. 
It is much less trouble, however, to assume that the gas in all 
three stages consists wholly of nitrogen ; then, if A l>e the weight 
of the total gas, B its weight after treatment with potassic hydrate, 
and C after treatment with pyrogallate, the weight of carbon will 

bo (A - B)~ and the weight of nitrogen — ^ — ; for the weights of 
carbon and nitrogen in equal volumes of carbonic anhydride and 

* When the quantity of carbon is very large indeed, traces of carbonic oxide ore 
ocGOBionoUy present in the gas, and will remain with the nitrogen after treatment with 
alkaline pyrM^allate. When such excessive quantities of carbon wre found, the stop- 
cock f should; be closed when the last measurement is made, the laboratory vessel 
detached, washed, and replaced filled with mercury. Introduce th«i a UtUe solution 
of cuprous chloride (B. k), and return the gas upon it. Any carbonic oxide wiU be 
absorbed, and after about five minutes the remaining nitrogen nuur be measured. In 
more than twenty consecutive analyses of waters of very varying kmds, not a trace of 
carbonic oxide was foimd in any of the gases obtained on combustion. 
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nitrogen, at the same temperature and preasnre, are as 6:14; and 
the weights of nitrogen in equal volumes of nitrogen and nitric 
oxide are as 2 : 1. 
The weight of 1 c.c. of nitrogen at 0' C. and 760 m.m. is 0-0012562 
^ .1^ . . n . , , . . 0-0012662 XV xp 

gm., and the formula for the calculation is w = /i j. 0-00367/^ 760 * 

in which w = the weight of nitrogen, v the volume, p the pressure 
corrected for tension of aqueous vapour, and t the temperature in 
degrees centigrade. To facilitate this calculation, there is given in 
^ , , 0-0012562 

Table 2 the logarithmic value of the expression n j. Q-00367A 760 

for each tenth of a degree from 0° to 29-9° C, and in Table 1 the 
tension of aqueous vapour in millimeters of mercury. As the 
measuring tube is always kept moist with water, the gas when 
measured is always saturated with aqueous vapour. 

The following example will show the precise mode of calcula- 
tion : — 





A 

Total 


B 

After absorption 
of COS. 


C 
Nitrogen. 


Volume of gas 

Temperature 


4-4888 c.c. 026227 c.c. 
13-5* 13-r 


0-26227 c.c. 
137' 


Height of mercury in a, c, d . 
*. *> „ l» . . . 


810-0 
188-5 


480-0 
348-5 


480-0 
328-2 


Difference .... 
Fins tension of aqueous vapour . 


116-5 
11-5 

128-0 


136-5 
11-6 


151-8 
117 




0-9 


Add for ■)«.o 
capiUarityi'*^ 


2-2 


Deduct this from height of bar. . 


1271 

769-8 
127-1 


150-3. 
769-8 


1657 

769-8 
165-7 


Tension of dry gas .... 


612-7 


619-5 


6ail 


Logarithm of volume of gas . 
0-0012^ 


0-65213 
6-19724 
2-80801 

3-65738 
0-0045434 


1-41875 
6-19709 
279204 

4-40788 
0-0002558 


1-41875 
6-19694 
278111 


" (1 + 0<)0867t) 700 ■ 
„ ,. tension of dry gas . 


Logarithm of weight of gas calcu- 
latedasN . . . . . 


4-39680 
0-0002404 gm. 



From these weights, those of carbon and of nitrogen are obtained 
by the use of the formulae above mentioned. Thus — 



A-B = 0001287G 
X 3 



B + C = OOOOi5052 



rr 7 ) 00138G28 
Weight of carbon, 0-001837 



Weight of nitrogen, 00002526 



When carbonic oxide is found, the corresponding weight of 
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nitrogen may be found in a similar manner, and should be added 
to tliat corresponding to the carbonic anhydride before multiplying 

by =, and must be deducted from the weight corresponding to the 

volume after absorption of carbonic anhydride. 

As it is impossible to attain to absolute perfection of manipulation 
and materials, each analyst should make several blank experiments 
by evaporating a liter of pure distilled water (B. a) with the usual 
quantities of sulphurous acid and chloride of iron, and, in addition, 
1 gm. of freshly ignited sodic chloride (in order to furnish a 
tangible residue). The residue should be burnt and the resulting 
gas analyzed in the usual way, and the average amounte of carbon 
and nitrogen thus obtained deducted from the resulte of all analy- 
ses. This correction, which may be about 0001 gm. of C, and 
0-00005 gm. of N, includes the errors due to the imperfection of 
the vacuum produced by the Sprengel pump, nitrogen retained in 
the cupric oxide, ammonia absorbed from the atmosphere during 
evaporation, &c. 

When the quantity of nitrogen as ammonia exceeds 0007 part 
per 1 00,000, there is a certein amount of loss of nitrogen during 
the evaporation by dissipation of ammonia. This appears to be 
very constent, and is given in Table 3, which is calculated from 
Table 5, which has been kindly furnished by Dr. Frankland. 
The number in this table corresponding to the quantity of nitrogen 
an ammonia present in the water analyzed should be added to the 
amount of nitrogen found by combustion. The number thus 
obtained includes the nitrogen as ammonia, and this must be 
deducted to ascertain the organic nitrogen. If '' ammonia" is 
determined instead of '' nitrogen as ammonia," Table 5 may be 
used. 

When, in operating upon sewage, hydric metaphosphate has 
been employed, Tables 4 or 6 should be used. 



Bulea for Converting Parts per 100,000 into Grains per Gallon, 
or the reverse. 

To convert parte per 100,000 into grains per gallon, multiply 
by 0-7. 

To convert grains per gallon into parte per 100,000, divide 
by 0-7. 

To convert grams per liter into grains per gallon, multiply 
by 70. 
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. TABLE 1. 

Blastlclty of Aqueoua Vapour for each ^th dearree oontiflrrade 

from 00 to 800 c. (Beffnault). 





.gS& 




msion in 
illimeters 
Mercury. 




.g|t 




•9|^ 




ill 


Temp. 
C. 


III 


Temp. 
C. 


Temp. 
C. 


III 


Temp. 
C. 


111 


Temp. 
C. 






si's 




E=JS^ 




^a^ 




E^iS's 




H«^ 


O'* 


4-6 


60° 


7-0 


12-0'' 


10'6 


180* 


15-4 


24-0'* 


22-2 


•1 


4-6 


•1 


7-0 


•1 


10-5 


•1 


15-5 


•1 


22-3 


•2 


4 7 


•2 


7*1 


•2 


10-6 


•2 


15-6 


•2 


22-6 


•8 


47 


•3 


7-1 


•8 


107 


•3 


157 


•3 


22-6 


•4 


47 


•4 


7-2 


•4 


107 


•4 


167 


•4 


227 


•5 


4-8 


•6 


7-2 


•5 


10-8 


6- 


15-8 


•6 


22*9 


•6 


4*8 


•6 


7-3 


•6 


10-9 


•6 


15-9 


•6 


23-0 


7 


4*8 


7 


7-3 


•7 


10-9 


7 


160 


7 


231 


•8 


4-9 


•8 


7-4 


•8 


11-0 


•8 


16-1 


•8 


28*3 


•9 


4-9 


•9 


7-4 


•9 


IM 


•9 


16-2 


•9 


23*4 . 


10 


4-9 


7-0 


7-5 


13-0 


11-2 


190 


16-3 


26-0 


23-6 


•1 


6-0 


•1 


7-6 


•1 


11-2 


•1 


16-4 


•1 


287 


•2 


60 


•2 


7*6 


•2 


11-3 


•2 


16-6 


•2 


23-8 


•3 


60 


•3 


7*6 


•3 


11-4 


•3 


167 


•8 


24-0 


•4 


6*1 


•4 


77 


•4 


11-6 


•4 


16*8 


•4 


24-1 


•5 


5-1 


•6 


7-8 


•6 


11-6 


•6 


16-9 


•5 


24*3 


•6 


6-2 


•6 


7-8 


•6 


11-6 


•6 


17-0 


•6 


24-4 


7 


5-2 


7 


7-9 


7 


117 


7 


17-1 


7 


24*6 


•8 


6-2 


•8 


7*9 


•8 


11-8 


•8 


17*2 


•8 


24-7 


•9 


6-3 


•9 


8*0 


•9 


11-8 


•9 


17-3 


•9 


24-8 


20 


6-3 


80 


80 


14-0 


11-9 


200 


17*4 


260 


26-0 


•1 


6-3 


1 


81 


•1 


120 


•1 


17-6 


•1 


25*1 


•2 


6-4 


•2 


8-1 


•2 


12-1 


•2 


17*6 


•2 


25 8 


•8 


5-4 


•3 


8-2 


•8 


12-1 


•8 


17-7 


•3 


25*4 


•4 


5-5 


•4 . 


8-2 


•4 


12-2 


•4 


17-8 


•4 


26-6 


•5 


6 '5 


•5 


8-3 


•5 


12-3 


•6 


17*9 


•6 


26-7 


•6 


6-6 


•6 


8-8 


•6 


12-4 


•6 


18-0 


•6 


26-9 


7 


56 


7 


8-4 


7 


12-6 


•7 


18-2 


•7 


260 


•8 


6-6 


•8 


8-5 


•8 


12-6 


•8 


18-3 


•8 


26*2 


•9 


6*6 


•9 


8-5 


•9 


12-6 


•9 


18-4 


•9 


26-4 


80 


67 


9-0 


8-6 


15-0 


12-7 


21-0 


18*6 


270 


26-6 


•1 


67 


•1 


8-6 


•1 


12-8 


•1 


18-6 


•1 


26-7 


•2 


5-8 


•2 


87 


•2 


12-9 


•2 


187 


•2 


26*8 


•3 


6-8 


•3 


87 


•3 


12-9 


•3 


18-8 


•3 


27-0 


•4 


6-8 


•4 


8-8 


•4 


18-0 


•4 


19-0 


•4 


271 


•6 


6-9 


•5 


8-9 


•5 


131 


•6 


191 


•5 


27-3 


•6 


6-9 


•6 


8-9 


•6 


18-2 


•6 


19-2 


•6 


27*5 


7 


6-0 


7 


90 


7 


13-3 


•7 


19-3 


•7 


27-6 


•8 


6-0 


•8 


9 


•8 


13-4 


•8 


19-4 


•8 


27-8 


•9 


6-1 


•9 


9-1 


•9 


13-6 


•9 


19-6 


•9 


27-9 


40 


6-1 


10-0 


9-2 


16-0 


13-5 


22-0 


197 


28-0 


28-1 


•1 


61 


. -1 


9-2 


•1 


13-6 


•1 


19*8 


•1 


28-3 


•2 


6-2 


•2 


9-8 


•2 


187 


•2 


19-9 


•2 


28-4 


•3 


6-2 


•3 


9-3 


•3 


18-8 


•8 


20-0 


•3 


28-6 


•4 


6-3 


•4 


9-4 


•4 


18-9 


•4 


20-1 


•4 


28-8 


•5 


6-8 


•6 


9-6 


•6 


14-0 


•6 


20-3 


•6 


28-9 


•6 


6-4 


•6 


9*6 


•6 


141 


•6 


20-4 


•6 


291 


7 


6-4 


7 


9-6 


7 


14-2 


7 


20*6 


7 


29*8 


•8 


6*4 


•8 


97 


•8 


14-2 


•8 


20-6 


•8 


29-4 


•9 


6-6 


•9 


97 


•9 


14-8 


•9 


20-8 


■9 


29-6 


5-0 


6-6 


110 


9-8 


17-0 


14-4 


23-0 


20-9 


29-0 


29-8 


•1 


6-6 


•1 


9-9 


•1 


14-6 


•1 


21-0 


•1 


30-0 


•2 


6-6 


•2 


9*9 


•2 


14-6 


•2 


21-1 


•2 


301 


•8 


67 


•8 


10-0 


•3 


147 


•3 


21*8 


•3 


30-3 


•4 


67 


•4 


10-1 


•4 


14-8 


•4 


21-4 


•4 


30-5 


•6 


6-8 


•5 


10-1 


•6 


14-9 


5 


21-6 


•5 


307 


•6 


6-8 


•6 


10-2 


•6 


16-0 


•6 


217 


•6 


30-8 


7 


6-9 


7 


10-3 


7 


16-1 


•7 


21-8 


•7 


810 


•8 


6'9 


•8 


10-8 


•8 


16-2 


•8 


21-9 


-8 


81-2 


•9 


70 


•9 


10-4 


•9 


16-8 


•9 


22-1 


•9 


81*4 
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TABLE 2. 

Beduotion of Cublo Oentlmeten of Nitrogen to Orama. 

Log. (1 + o-0086y<)760 '"' **"'' **''*'' **' * i^gno from 0° to 30° C. 



t.c. 


00 


01 


0-2 


0-3 


0-4 


0-5 


0-6 


07 


08 


0-9 


0*" 


6-21824 


808 


793 


777 


761 


745 


729 


713 


697 


681 


1 


665 


649 


638 


617 


601 


586 


670 


554 


538 


622 


. 2 


607 


491 


475 


459 


443 


427 


412 


396 


380 


364 


3 


349 


333 


318 


302 


286 


270 


255 


239 


223 


208 


4 


192 


177 


161 


145 


130 


114 


098 


083 


067 


051 


6 


035 


020 


004 


•989 


•973 


•957 


•942 


•926 


•911 


•895 


6 


6-20879 


864 


848 


833 


817 


801 


786 


770 


755 


739 


7 


723 


708 


692 


676 


661 


645 


629 


614 


598 


683 


8 


567 


552 


536 


521 


505 


490 


474 


459 


443 


428 


9 


413 


397 


382 


366 


351 


335 


820 


304 


289 


274 


10 


259 


244 


228 


213 


198 


182 


167 


151 


136 


121 


11 


106 


090 


075 


060 


045 


029 


014 


•999 


•984 


•969 


12 


619953 


938 


923 


907 


892 


877 


862 


846 


831 


816 


13 


800 


785 


770 


756 


740 


724 


709 


694 


679 


664 


14 


648 


633 


618 


603 


588 


673 


658 


543 


528 


613 


15 


497 


482 


467 


452 


437 


422 


407 


392 


377 


362 


16 


346 


331 


316 


301 


286 


271 


256 


241 


226 


211 


17 


196 


181 


166 


151 


136 


121 


106 


091 


076 


061 


18 


046 


031 


016 


001 


•986 


•971 


•956 


•941 


•926 


•911 


19 


618897 


882 


867 


852 


837 


822 


807 


792 


777 


762 


20 


748 


733 


718 


703 


688 


673 


659 


644 


629 


614 


21 


600 


585 


570 


555 


540 


526 


511 


496 


481 


466 


22 


452 


437 


422 


408 


393 


378 


363 


349 


334 


319 


23 


305 


290 


275 


261 


246 


231 


216 


202 


187 


172 


24 


158 


143 


128 


114 


099 


084 


070 


055 


041 


026 


25 


012 


•997 


*982 


•968 


•953 


•938 


•924 


•909 


•895 


•880 


26 


617866 


851 


837 


822 


808 


793 


779 


764 


760 


735 


27 


721 


706 


692 


677 


663 


648 


634 


619 


605 


690 


28 


576 


561 


547 


532 


618 


603 


489 


475 


460 


446 


29 


432 


417 


403 


388 


374 


860 


345 


381 


316 


802 
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TABLE 3. 

ZiOM of Nltroffen by Eraporation of NH>. 
With Sulphuroiui Acid. 

Farts per 100,000. 



NaB 


LOM 


Nas 


LOM 


Naa 


LOM 


Naa 


Lon 


Naa 


LOH 


Naa 


Loaa 


ITH*. 


of N. 


NH». 


of N. 


NH». 


of N. 


NHS. 


of N. 


NHS. 


of N. 


NH3. 


of N. 


5-0 


1-741 


3-9 


1-425 


8-8 


•896 


17 


•870 


•6 


•145 


•04 


-009 


4-9 


1-717 


3-8 


1378 


2-7 


•850 


1-6 


•338 


•5 


•109 


-03 


•007 


4-8 


1<»3 


3-7 


1-330 


2-6 


•802 


1-5 


•384 


•4 


-075 


•08 


•005 


47 


1-669 


3-6 


1-288 


2-5 


•754 


1-4 


•809 


•3 


•067 


•01 


•008 


4-6 


1-645 


3-5 


1-234 


2-4 


•706 


1-3 


•895 


•a 


•038 


•008 


•008 


4-5 


1-621 


3-4 


1-186 


2-3 


•658 


1-8 


•880 


•1 


•080 


•007 


•001 


4-4 


1-698 


3-3 


1138 


2-8 


•610 


11 


•986 


•09 


•018 






4-3 


1-574 


3-2 


1-090 


2-1 


'568 


10 


•858 


•08 


•017 






42 


1-550 


31 


1048 


2-0 


•514 


•9 


•237 


•07 


•015 






41 


1-581 


30 


•994 


1-9 


•466 


•8 


•217 


•06 


•013 






4-0 


1-473 


8-9 


•946 


1-8 


•418 


■7 


•181 


•05 

- • 


•on 







TABLE 4. 

Loaa of Nltroaren by Eraporatlon of NH*. 
With Hydric ICetaphoapliato. 











ParU per 100,000. 










il 


a 




ll 




5^ 


1 


i i 


5z! 


^1 






j>| 


a 


1 


>f 


a 

?5 


3 


1 


1 i 


3 


a 


3 


100 c.c. 


88 


•488 


100 CO. 


5-9 


-385 


100 


C.C. 3^6 


«> 


100 CO. 


1-3 


•148 




81 


•477 




5-8 


•881 




8-5 


•877 


... 


1-3 


•136 




80 


•473 




57 


•877 




8-4 


•878 




11 


•129 




7-9 


•469 




5-6 


•S7S 




8-3 


•887 


.•• 


10 


•123 




7-8 


•466 




55 


•388 




3-8 


•861 


... 


•9 


•117 




7-7 


•461 




54 


•864 




31 


•255 




•8 


•111 




7-6 


•466 




53 


•860 




30 


•849 


asocc 


•7 


•088 




75 


•458 




5-8 


•856 




8^9 


•842 




•6 


•073 




7-4 


•448 




6-1 


•858 




8^8 


•836 




•5 


•061 




73 


•444 


... 


50 


•847 




87 


•880 


506'cc 


•4 


-049 




7-8 


•440 




4-9 


•348 




8-6 


•283 




•3 


096 




7-1 


•485 


... 


4-8 


•338 




25 


•817 


LOOO'cc 


•8 


■084 




70 


•431 




4-7 


•834 




8-4 


•811 




•1 


•018 




6-9 


^487 




46 


•889 




2-8 


•806 




•09 


•Oil 




68 


•483 




45 


•884 




8-8 


•196 




-08 


•010 




6-7 


•419 




44 


•319 




81 


•198 




-07 


•006 




6-8 


•414 




43 


•315 




2^0 


•186 




-06 


•007 




6-5 


-410 




48 


•310 




1^9 


•180 




•05 


•006 




6-4 


•406 


... 


41 


•305 




18 


•173 




•04 


•006 




6-3 


•408 




40 


•301 




1-7 


•167 




•08 


-004 




68 


•386 


... 


3^9 


•896 




1^6 


•161 




•08 


-008 




61 


•894 




8^ 


•891 




15 


•154 


... 


•01 


•001 




60 


•889 




3-7 


•886 




14 


•148 
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TABLE 5. 

IiOM of Kltroffen by Evaporation of NH>. 
With Sulplmroiui Acid. 

Part* per 100,000. 



§84. 



NH8. 


Lon 

of N. 


NH8. 


Lon 

of N. 


NHS. 


|lo- 
of N. 


NHS. 


LOM 

of N. 


KH8. 


Lorn 
of N. 


NHS. 


LOM 

of N. 


60 


1-727 


4-8 


1-451 


3-6 


•977 


2-4 


-503 


12 


-250 


•09 


•014 


5-9 


1707 


47 


1-411 


8-5 


•937 


2-3 


-463 


11 


•238 


•06 


•013 


5-8 


1-688 


4-6 


1-872 


8-4 


•896 


22 


•424 


1-0 


•226 


•07 


•012 


57 


1-668 


4-5 


1-332 


3-3 


•858 


21 


•361 


•9 


•196 


•06 


•010 


5-6 


1-648 


4-4 


1-298 


3-2 


•819 


2-0 


•345 


•8 


•166 


•05 


•009 


5-5 


1-628 


4-3 


1-253 


3-1 


•779 


1-9 


•333 


7 


•136 


■04 


•007 


6-4 


1-600 


42 


1-214 


30 


-740 


1-8 


•321 


•6 


•106 


•03 


-006 


53 


1-589 


4-1 


1174 


2-9 


•7C0 


17 


•809 


•5 


•077 


-02 


•004 


52 


1-569 


4-0 


1135 


2-8 


•661 


1-6 


•297 


-4 


•062 


•01 


•003 


61 


1-549 


3-9 


1-095 


2-7 


•621 


1-5 


•285 


-3 


-047 


•009 


•001 


50 


1-530 


3-8 


1056 


2-6 


•582 


1-4 


•274 


•2 


-082 






4-9 


1-490 


37 


1-016 


2-5 


•542 


1-3 


•262 


•I 


•017 







TABLE 6. 

LoM of KitroffOA by Evaporation of VH*. 
With Hydric ICetaphosphato. 

Parts per 100,000. 



> • 




^ 


^1 




^ 


'^1 
If 




^' 


-i 




^' 


i 


1 




J 


i 




H 


£ 

^ 


•8 

J 


100 CO. 


100 


•483 


100 c.c. 


7-2 


•386 


100 O.C. 


4-4 


*883 


100 CO. 


16 


•143 




9-9 


-480 




71 


-382 


... 


43 


-279 




1-5 


•137 




9^8 


•476 




70 


•379 


... 


4-2 


•275 




1-4 


•132 




9-7 


•478 




6-9 


•375 




41 


-271 




1^3 


•127 




9-6 


•469 




6-8 


•372 




40 


•267 




1^2 


•122 




9-5 


•466 




67 


•368 




39 


-262 




11 


-117 


... 


9-4 


•462 




6-6 


•366 




3-8 


-257 




1-0 


•112 




9-3 


•459 




6-5 


•361 




37 


•252 


2600.0. 


•9 


•006 


... 


9-2 


•455 




6-4 


•358 




36 


•247 


... 


•8 


•080 


... 


9.1 


•i52 




6-3 


•354 




3^5 


•242 




•7 


•070 




9-0 


•448 




6-2 


•351 




•3 4 


•236 




•6 


•060 




8-9 


•445 




61 


•348 




3-3 


•231 


50dc.c. 


•6 


•060 




8-8 


•441 




60 


•345 




3-2 


•226 




•4 


•040 




87 


•438 




59 


•341 




3^1 


•221 




•3 


•080 




8-6 


•434 




5^8 


•337 




30 


•216 


1000 CO. 


•2 


•020 




8-5 


•481 




57 


•333 




2-9 


•211 


... 


•1 


•010 




8-4 


•428 




56 


•330 




28 


•205 




•09 


•009 




8-3 


•424 




5-5 


•326 




87 


•200 




•08 


•008 




8-2 


•421 




5-4 


•322 




2-6 


•195 




•07 


•007 


... 


81 


•417 




5-3 


•318 




2-6 


•190 




•06 


•006 




8-0 


•414 




62 


•314 




2-4 


•184 


... 


•05 


•005 




7-9 


•410 




51 


•310 




2-3 


•179 




•04 


•004 




7-8 


•407 




50 


•306 




2-2 


•174 




•OS 


•003 


... 


77 


•403 




4-9 


-302 




2-1 


•169 




•08 


•008 




7-6 


•400 




4-8 


•296 




2-0 


•164 




-01 


•001 




7-5 


•396 




47 


-294 




1-9 


•158 










7-4 


•383 




4-6 


•291 




1-8 


-153 










73 


•389 




4-5 


-287 




17 


•148 
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5. Estimation of Total SoUd Xatter. 

Evaporate over a steam or water bath half a liter or a less quan- 
tity of the water in a platinum dish which has been heated to 
redness and carefully weighed. The water should be filtered or 
unfiltered, according to the decision made in that respect at the 
commencement of the analysis. The quantity to be taken is 
regulated chiefly by the amount of nitrate present, as the residue 
from this operation is, with certain exceptions, employed for the 
determination of the nitrogen as nitrates and nitrites. As a general 
rule, for water supplies and river water half a liter should be used ; 
for shallow well watei-s, a quarter of a liter. Of sewages, 100 cc, 
and of waters containing more than 08 part of nitrogen as ammonia 
per 100,000, a quarter of a liter will generally be convenient, as in 
these cases the residue will not be used for the estimation of nitro- 
gen as nitrates and nitrites ; and the only point to be considered is 
to have a quantity of residue suitable to weigh. It is desirable to 
support the platinum dish during evaporation in a glass ring with 
a flange, shaped like the top of a beaker, the cylindrical part being 
about 20 m.m. deep. This is dropped iuto the metal ring on the 
water bath, and thus lines the metal with glass, and keeps the dish 
clean. A glass disc with a hole in it to receive the dish is not 
satisfactory, as drops of water conveying solid matter find their 
way across the under surface from the metal vessel to the dish, and 
thus soil it. As soon as the evaporation is complete, the dish 
with the residue is removed, its outer side wiped dry with a cloth, 
and it is dried in a water or steam oven for about three hours. It 
is then removed to a desiccator, allowed to cool, weighed as rapidly 
as possible, returned to the oven, and weighed at intervals of an 
hour, until between two successive weighings it has lost less than 
0-001 gm. 



6. Bfltimatlon of Nitrogen as Nitrates and Nitrites. 

The residue obtained in the preceding operation may be used for 
this estimation. Treat it with about 30 cc. of hot distilled water, 
taking care to submit the whole of the residue to its action. To 
ensure this it is advisable to rub the dish gently with the finger, 
so as to detach the solid matter as far as possible, and facilitate 
the solution of the soluble matters. The finger may be covered 
by a caoutchouc finger-stalL Then filter through a very small 
filter of Swedish paper, washing the dish several times with small 
quantities of hot distilled water. 

The filtrate must be evaporated in a very small beaker, over a 
steam bath, until reduced to about 1 cc, or even to dryness. 
This concentrated solution is introduced into the glass tube shown 
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in fig. 49, etanding in the porcelain mercuiy trough, filled 
up to the stop-cock with mercury. (If the nitrometer 
of Lunge Ffig. 37] ia used in place of Crum's tube, the 
use of the laboratory tube and gas apparatus is avoided.) 
The tube is 210 m.m. in total length, and 15 m.m. in 
internal diameter. By pouring the liquid into the cup at 
the top, and then cautiously opening the stop-cock, it may 
be run into the tube without admitting any air. The beaker 
is rinsed once with a very little hot distilled water, and 
then two or three times with strong sulphuric acid (o. a), 
the volume of acid being to that of the aqueous solution 
about as 3 : 2. The total volume of acid and water should 
be about 6 c.c. Should any air by chance be admitted at 
this stage, it may readily be removed by suction, the lips 
being applied to the cup. With care there is but little 
danger of getting acid into the mouth. 

In a few cases carbonic anhydride is given off on 
addition of sulphuric acid, and must be sucked out before 
Ij proceeding. 

Now grasp the tube firmly in the hand, closing the open 
Fig. 49. end by the thumb, which should be first moistened ; 
withdraw it from the trough, incline it at an angle of about 
46^, the cup pointing from you, and shake it briskly with a rapid 
motion in the direction of its length, so as to throw the mercury 
up towards the stop-cock. After a very little practice there is no 
danger of the acid finding its way down to the thumb, the mixture 
of acid and mercury being confined to a comparatively small portion 
of the tube. In a few seconds some of the mercury becomes very 
finely divided ; and if nitrates be present, in about a minute or less 
nitric oxide is evolved, exerting a strong pressure on the thumb. 
Mercury is allowed to escape as the reaction proceeds, by partially, 
but not wholly, relaxing the pressure of the thumb. A slight 
excess of pressure should be maintained within the tube to prevent 
entrance of air during the agitation, which must be continued 
until no more gas is evolved. 

When the quantity of nitrate is very large, the mercury, on 
shaking, breaks up into irregular masses, which adhere to one 
another as if alloyed with lead or tin, and the whole forms a stiff 
dark-coloured paste, which it is sometimes very difficult to shake, 
but nitric oxide is not evolved for a considerable time, then comes 
off slowly, and afterwards with very great rapidity. To have room 
for the gas evolved, the operator should endeavour to shake the 
tube so as to employ as little as possible of the contained mercuiy 
in the reaction. At the close of the operation the finely-divided 
mercury will consist for the most part of minute spheres, the alloyed 
appearance being entirely gone. An experiment with a laige 
quantity of nitrate may often be saved from loss by firmly resisting 
the escape of mercury, shaking until it is judged by the appearance 
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of the contents of the tube that the reaction is complete, and then 
on restoring the tube to the mercury trough, allowing the finely- 
divided mercury also to escape in part. If the gas evolved be not 
more than the tube wUl hold, and there be no odour of pemitric 
oxide from the escaped finely-divided mercury, the operation may 
be considered succesafuL If the amount of nitrate be too large, a 
smaller quantity of the water must be evaporated and the operation 
repeated. When no nitrate is present, the mercury usually mani- 
fests very little tendency to become divided, that which does so 
remains bright^ and the acid liquid does not become so turbid as it 
does in other cases. 

The reaction completed, the tube is taken up closed by the 
thumb, and the gas is decanted into the laboratory vessel, and 
measured in the usual way in the gas apparatu& The nitric acid 
tube is of such a length, that when the cup is in contact with the 
end of the mercury trough, the open end is just under the centre 
of the laboratory vessel. If any acid has been expelled from the 
tube at the close of the shaking operation, the end of the tube and 
the thumb should be washed with water before introducing into 
the mercury trough of the gas apparatus, so as to remove any acid 
which may be adhering, which would destroy the wood of the 
trough. Before passing the gas into the measuring tube of the gas 
apparatus, a little mercury should be allowed to run over into the 
laboratory vessel to remove the acid from the entrance to the 
capillary tube. 

As nitric oxide contains half its volume of nitrogen, if half a 
liter of water has been employed, the volume of nitric oxide ob- 
tained will be equal to the volume of nitrogen present as nitrates 
and nitrites in one liter of the water, and the weight of the 
nitrogen may be calculated as directed in the paragraph on the 
estimation of oiganic carbon and nitrogen. 

When more than 0*08 part of nitrogen as ammonia is present in 
100,000 parts of liquid, there is danger of loss of nitrogen by 
decomposition of ammonic nitrite on evaporation; and therefore 
the residue from the estimation of total solid matter cannot be 
used. In such cases acidify a fresh quantity of the liquid with 
dilute hydric sulphate, add solution of potassic permanganate, a 
little at a time, until the pink colour remains for about a minute, 
and render the liquid just alkaline to litmus paper with sodic 
carbonate. The nitrites present will then be converted into 
nitrates, and may be evaporated without fear of loss. Use as little 
of each re-agent as possible. Sewage may be examined in this 
way; but it is hardly necessary to attempt the determination, 
as sewage is almost invariably free from nitrates and nitrites. 
Out of several hundred specimens, the writer only found two 
or three which contained any, and even then only in very 
small quantity. 
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7. Estimation of Nitroffon as Nitrates and . Nitrites in Waters 
containing a Tery large quantity of Soluble Matter, with 
but little Ammonia or Orffanio Nitrogen. 

When the quantity of soluble matter is excessive, as, for example, 
in sea-water, the preceding method is inapplicable, as the solution 
to be employed cannot be reduced to a sufficiently small bulk to go 
into the shaking tube. If the quantity of organic nitrogen be less 
than 0-1 part in 100,000, the nitrogen as nitrates and nitrites may 
generally be determined by the following modification of Schulze's 
method, devised by E. T. Chapman. To 200 c.c. of the water 
add 10 c.c. of sodic hydrate solution (O. e), and boil briskly in an 
open porcelain dish until it is reduced to about 70 cc. When 
cold pour the residue into a tall glass cylinder of about 120 cc. 
capacity, and rinse the dish with water free from ammonia. Add a 
piece of aluminium foil of about 15 sq. centim. area, loading it with 
a piece of clean glass rod to keep it from floating. Close the mouth 
of the cylinder with a cork, bearing a small tube filled with pumice 
(C. 4^) moistened with hydric chloride free from ammonia (o. ri). 

Hydrogen will speedily be given off from the surfSace of the 
aluminium, and in five or six hours the whole of the nitrogen as 
nitrates and nitrites will be converted into ammonia. Transfer to 
a small retort the contents of the cylinder, together with the 
pumice, washing the whole apparatus with a little water free from 
ammonia. Distil, and estimate ammonia in the usual way with 
JSfessler solution. It appears impossible wholly to exclude 
ammonia from the re-agents and apparatus, and therefore some 
blank experiments should be made to ascertain the correction to be 
applied for this. This correction is very small, and appears to be 
nearly constant 

8. Estimation of Nitrosren as Nitrates and Nitrites by the Indisro 

Process. 

This method has been fully described in § 67.7. 

9. Estimation of Nitrates as Ammonia by tbe Copper-sino Couple. 
It is well known that when zinc is immersed in copper sulphate 

solution it becomes covered with a spongy deposit of precipitated 
copper. K the solution of copper sulphate be sufficiently dilute, 
this deposit of copper is black in colour, and firmly adherent to the 
zinc. It is, however, not so generally known that the zinc upon 
which copper has thus been deposited possesses the power of de- 
composing pure distilled water at the ordinary temperature, and 
that it is capable of effecting many other decompositions which zinc 
alone cannot Among these is the decomposition of nitrates, and 
the transformation of the nitric acid into ammonia. Gladstone 
and Tribe have shown that the action of the "copper-zinc 
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couple" (as they call the coi^joiiied metals) upon a nitre solution 
consists in the electrolysis of the nitre, resulting in the liberation 
of hydrogen and the formation of zinc oxide. This hydrogen is 
liberated upon and occluded by the spongy copper, and when thus 
occluded, it is capable of reducing the nitre solution in its vicinity. 
The nitrate is first reduced to nitrite, and the nitrous acid is subse- 
quently transformed into ammonia by the further action of the 
hydrogen. M. W. Williams has shown {J. C. 8. 1881, p. 100) 
that even in very dilute solutions of nitre the nitric acid can be 
completely converted into ammonia in this manner with consider- 
able rapidity ; and further, that the reaction may be greatly hastened 
by taking advantage of the influence of temperature, acids, and 
certain neutral salts, which increase the electrolytic action of the 
couple. His experiments prove that carbonic acid — feeble acid as 
it is — suffices to treble the speed of the reaction, and that traces of 
sodic chloride (0*1 per cent.) accelerated it nearly as much as car- 
bonic acid. A rise of a few degrees in temperature was also found 
to hasten the reaction in a very marked degree. The presence of 
alkalies, alkaline earths, and salts having an alkaline reaction, was 
found to retard the speed of the reduction. 

Williams has, upon those experiments, founded a simple and 
expeditious process for estimating the nitric and nitrous acid in 
water analysis, which, when used with skill, may be applied to by 
far the greater number of waters with which the analyst is usually 
called upon to deal (Analyst, 1881, p. 36). The requisite copper- 
zinc couple is prepared in the following manner :— The zinc employed 
should be clean, and for the sake of convenience should be in the 
form of foil or very thin sheet. It should be introduced into a 
flask or bottle, and covered with a solution of copper sulphate, 
containing about 3 per cent, of the crystallized salt, which should 
bo allowed to remain upon it until a copious, firmly adherent coating 
of black copper has been deposited. This deposition should not 
be pushed too far, or the copper will be so easily detached that the 
couple cannot be washed without impairing its activity. When 
sufficient copper has been deposited the solution should be poured 
ofi*, and the conjoined metals washed with distilled water. The 
wet couple is then ready for use. 

To use it for the estimation of nitrates it should be made 
in a wide-mouthed stoppered bottle. After washing it is soaked 
with distilled water; to displace this, it is first washed with 
some of the water to be analyzed, and the bottle filled up with a 
further quantity of the water. The stopper is then inserted, and 
the bottle allowed to digest in a warm place for a few Uours. If 
the bottle be well filled and stoppered, the temperature may be 
raised to 30° C, or even higher, without any fear of losing ammonia. 
The reaction will then proceed very rapidly ; but if it be desired 
to hasten the reaction still more, a little salt should be added 
(about 0-1 gm. to every 100 c.c), or if there be any objection to 



Digitized by VjOOQIC 



362 HANDBOOK OF § 84. 

this, the water may have carbonic acid passed through it for a few 
minutes before it is poured upon the couple. In the case of calca- 
reous waters, the same hastening e£fect may be obtained, and the 
lime may at the same time be removed by adding a very little pure 
oxalic acid to the water before digesting it upon the couple. 
Williams has shown that nitrous acid always remained in the 
solution until the reaction was finished. By testing for nitrous 
acid the completeness of the reaction may be ascertained with 
certainty, and perhaps the most delicate test that can be 
applied for this purpose is that of Griess, iu which metapheny- 
lene-diamine is the re-agent employed. When a solution of this 
substance is added to a portion of the fluid, and acidified with 
sulphuric acid, a yellow colouration is produced in about half an 
hour if the least trace of a nitrite be present. The reaction easily 
detects one part of nitrous acid in ten millions of water. When 
no nitrous acid is found, the water is poured off the couple into a 
stoppered bottle, and, if turbid, allowed to subside. A portion of 
the clear fluid, more or less according to the concentration of the 
nitrates in the water, is put into a Nessler glass, diluted if neces- 
sary, and titrated with Nessler's re-agent in the ordinary way. 

This process may be used for the majority of ordinary waters — 
for those that are coloured, and those that contain magnesium or 
other substances suflicient to interfere with the Nessler re-agent^ 
a portion of the fluid poured off the couple should be put into a 
small retort, and distilled with a little pure lime or sodic carbonate, 
and the titration of the ammonia performed upon the distillates. 

About one square decimeter of zinc should be used for every 
200 c.c. of a water containing five parts or less of nitric acid in 
100,000. A larger proportion should be used with waters richer 
in nitrates. The couple, after washing, may be used for two or 
thi'ee waters more. When either carbonic or oxalic or any other 
acid has been added to the water, a larger proportion of Nessler 
re-agent should be employed in titrating it than it is usual to add. 
3 C.C. to 100 of the water are sufficient in almost all casea 

Blunt {Analyst, vi. p. 202) points out that the above process 
may be used without distillation, and with accuracy, in the case of 
any water, by adding oxalic acid to a double quantity of the 
sample, dividing, and using one portion (clarified completely by 
subsidence in a closely stoppered bottle), as a comparison liquid for 
testing against the other, which has been treated with the copper-zinc 
couple. Where dilution is used it must be done in both portions 
equally. This plan possesses the advantages that an equal turbidity is 
produced byNessler in both portions, and any traces of ammonia 
contained in the oxalic acid will have the errror due to it corrected. 

In calculating the amount of nitric acid contained in a water 
from the amount of ammonia obtained in this process, deductions 
must of course be made for any ammonia pre-existing in the water, 
as well as for that derived from any nitrous acid present 
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10. Estimation of Nitrites by Oriess's Method. 

100 cc. of the water are placed in a Nessler glass, and 1 c.c. 
each of metaphenylene-diamine and dilute acid (p. 331) added. If 
colour is rapidly produced the water must be diluted with distilled 
water free from W0\ and other trials made. The dilution is suffi- 
cient when colour is plainly seen at the end of one minute. The weak 
point of the process is that the colour is progressively developed ; 
however, this is of little consequence if the comparison with 
standard nitrite is made under the same conditions of temperature, 
dilution, and duration of experiment. Twenty mmutes is a sufficient 
time for allowing the colours to develop before final comparison. 

M. W. Williams obviates the uncertainty of the comparison 
tests by using colourless Nessler tubes, 30 m.m. wide and 
200 m.m. long, graduated into millimeters. They are used as 
follows: — ^The comparison of the water to be examined with 
the standard nitrite is roughly ascertained ; the glasses are then 
filled to the same height, and the test added, and allowed to 
stand a few minutes. Usually one will be somewhat deeper 
than the other. The height of the deeper coloured liquid is 
read off on the scale, and a portion removed with a pipette untU 
the colours correspond. The amount of N-0' in the shortened 
column is taken' as equal to the other, when a simple calculation 
will show the amount sought. 

11. Estimation of Nitrites by Napthylamine. 

Warington {J. C. S. 1881, p. 231) has drawn attention to this 
test, originally devised by Griess, and which is of such extreme 
delicacy, that by its means it is possible to detect one part of ^'0' 
in a thousand millions of water. 

The experiments conducted by Warington were made on columns 
of liquid three inches deep, contained in test tubes. To 10 c.c. of 
the liquid to be tested were added successively one drop of dilute 
HCl (1:4), one drop of nearly saturated solution of sulphanilic acid, 
and one drop of saturated solution of hydrochloride of napthylamina 
The colour produced varies from a faint pink to a deep ruby red. 
In strong solutions a dark precipitate is speedily produced. 

This test is almost too delicate to be used quantitatively, but is 
evidently very serviceable as a quaUtative test for very minute 
quantities of nitrous acid. By its means Warington has detected 
nitrous acid in the atmosphere of various places by exposing water 
containing a few drops of the requisite solutions to the air in a 
basin for a fefw hours ; the like mixture kept in a closed fiask or 
cylinder at the same time undergoing no change of colour. 

12. Estimation of Nitrites by Potassic Iodide and Starch. 
Ekin has pointed out {Plmrm, Trans, 1881, p. 286) that this 
well-known test will give the blue colour with nitrous acid in a 
few minutes, when the proportion is one part in ten millions ; in 
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twelve hours when one part in a hundred millions ; and in forty- 
eight hours wlien one in a thousand million& 

£kin used acetic acid for acidifying the water to be tested, and 
blank experiments with pure water were simultaneously carried on. 
Sulphuric or hydrochloric acid will, no doubt, give a sharper 
reaction, but both these acids are more liable to contain impurities 
ajffecting the reaction than is the case with pure acetic acid. Owing 
to the instability of alkaline iodides, this method of testing can 
hardly be considered so satisfactory as the methods of Griess. 

13. Estimation of Suspended Matter. 
Filters of Swedish paper, about 110 m.m. in diameter, are 
packed one inside another, about 15 or 20 together, so that water 
will pass through the whole group, moistened with dilute hydro- 
chloric acid, washed with hot distilled water until the washings 
cease to contain chlorine, and dried. The ash of the paper is thus 
reduced by about 60 per cent., and must be determined for each 
parcel of filter paper by incinerating 10 filters, and weighing the 
ash. For use in estimating suspended matter, these washed filters 
must be dried for several hours at 120-130° C, and each one then 
weighed at intervals of an hour imtil the weight ceases to diminish, 
or at least until the loss of weight between two consecutive weigh- 
ings does not exceed 0*0003 gm. It is most convenient to enclose 
the filter during weighing in two short tubes fitting closely one 
into the other. The closed ends of test tubes, 50 m.m. long, cut 
off by leading a crack round with the aid of a pastille or very 
small gas jet, the sharp edges being afterwards fused at the blow- 
pipe, answer perfectly. Each pair of tubes should have a distinc- 
tive number, which is marked with a diamond on both tubes. In 
the air-bath they should rest in grooves formed by a folded sheet 
of paper, the tubes being drawn apart, and the filter almost, but 
not quite, out of the smaller tube. They can then be shut up 
whilst hot by gently pushing the tubes together, being guided by 
the grooved paper. They require to remain about twenty minutes 
in a desiccator to cool before weighing. Filtration will be much 
accelerated if the filters be ribbed before drying. As a general 
rule, it will be sufficient to filter a quarter of a liter of a sewage, 
half a liter of a highly polluted river, and a liter of a less polluted 
water ; but this must be frequently varied to suit individual cases. 
Filtration is hastened, and trouble diminished, by putting the 
liquid to be filtered into a narrow-necked flask, which is inverted 
into the filter, being supported by a funnel-stand, the ring of which 
has a slot cut through it to allow the neck of the flask to pass. 
With practice the inversion may be accomplished without loss, and 
without previously closing the mouth of the flask. When all has passed 
through, the flask should be rinsed out with distilled water, and the 
rinsings added to the filter. Thus any particles of solid matter left in 
the flask are secured, and the liquid adhering to the suspended 
matter and filter is displaced. The filtrate from the washings should 
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not b6 added to the previous filtrate, which may be employed for 
determination of total solid matter, chlorine, hardness, &c. 

Thus washed, the filter with the matter upon it is dried at 
100" C, then transferred from the funnel to the same pair of tubes 
in which it was previously weighed, and the operation of drying at 
1 20"-l 30° C. and weighing until constant repeated. The weight thus 
obtained, minus the weight of the empty filter and tubes, gives the 
weight of the total suspended matter dried at 120^-130° 0. 

To ascertain the quantity of mineral matter in this^ tfie filter 
with its contents is incinerated in a platinum crucible, and the 
total ash thus determined, minus the ash of the filter alone, gives 
the weight of the mineral suspended matter. 

14. Estimation of Chlorine present as OhloricLe. 

To 50 C.C. of the water add two or three drops of solution of 
potassic chromate (B. j3), so as to give it a faint tinge of yellow, 
and add gradually from a burette standard solution of argentic 
nitrate (B. a), until the red argentic chromato which forms after 
each addition of the nitrate ceases to disappear on shgUjA The 
number of c.c. of silver solution employed \^^ express the chlorine 
present as chloride in parts in 100,000. Tf this amount be much 
more than 10, it is advisable to take a smaller quantity of water. 

K extreme accuracy be necessary, after completing a determina- 
tion, destroy the slight red tint by an excess of a soluble chloride, 
and repeat the estimation on a fresh quantity of the water in a 
similar flask placed by the side of the former. By comparing the 
contents of the flasks, the first tinge of red in the second flask may 
be detected with great accuracy. It is absolutely necessary that 
the liquor examined should not be acid, unless with carbonic acid, 
nor more than very slightly alkaline. It must also be colourless, 
or nearly so. These conditions are generally found in waters, but, 
if not, they may be brought about in most cases by rendering the 
liquid just alkaline with lime water (free from chlorine), passing 
carbonic anhydride to saturation, boiling, and filtering. The calcic 
carbonate has a powerful clarifying action, and the excess of alkali 
is exactly neutralized by the carbonic anhydride. If this is not 
successful, the water must be rendered alkaline, evaporated to dry- 
ness, and the residue gently heated to destroy organic matter. The 
chlorine may then be extracted with water, and estimated in the 
ordinary way, either gravimetrically or volumetrically, 

16. Estimation of Hardness. 

The following method, devised by the late Dr. Thomas Clark, 
of Aberdeen, is in general use ; and from its ease, rapidity, and 
accuracy, is of great value. 

Uniformity in conducting it is of great importance ; especially 
the titration of the soap solution, and the estimation of th6 hard- 
ness of waters, should be performed in precisely similar ways. 
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Measure 50 c.c. of the water into a well-stoppered bottle of 
about 250 c.c. capacity, shake briskly for a few seconds, and suck 
the air from the bottle by means of a glass tube, in order to remove 
any carbonic anhydride which may have been liberated from the 
water. Add standard soap solution (B. /J) from a burette, one c.c. 
at a time at firsts and' smaller quantities towards the end of the 
operation, slulung well after each addition, until a soft lather is 
obtai'ned^hldh, if the bottle is placed at rest on its side, remains 
contuuid^^ver the whole sur&ce for five minutes. The soap 
shotiRSl^e added in larger quantities at a time, even when the 
volume required is approximately known. 

When more than 16 c.c. of soap solution are required by 50 c.c. 
of the water, a less quantity (as 25 or 10 c.c.) of the latter should 
be taken, and made up to 50 c.c. with recently boiled distilled 
water, so that less than 16 c.c. of soap solution will suffice, and the 
number expressing the hardness of the diluted water multiplied by 
2 or 5, as the case may be. ., v 

When the water contains much magnesium, which may be known 
by^ ^IjftrilF ^^^°S ^ peculiar curdy appearance, it should be 
diluM^RK^essary, with distilled water, until less than 7 c.c. are 
re/JUi*^ by 50 cc. 

The volume of standard soap solution required for 50 cc. of 
the water being known, the weight of calcic carbonate (Ca CO') 
corresponding to this may be ascertained from the following 
table* :— 

* The table is calcolated from that originally coiutnicted by Dr. Clark, which is 
as foUowg :— 

Degree of HardneM. 

0" (Distilled water)... 

2 '.'.'. '.'.'. 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 

Each " measure " being 10 gnins, the volume of water employed 1000 grains, and each 
" degree " 1 grain of calcic carbonate in a gallon. 

If the old weights and measures, grains and gallons, be pre fe rred, this table may be 
used, the process being exactly as above described, but lOOO grains of water taken 
instead of 60 cc., and the soap solution measured in lO^graln measures instead of cubic 
centimeters. If the volume of soap solution used be found exactly in the second column 
of the table, the hardness will, of course, be that shown on the same line in the first 
column. But if it be not. deduct from it the next lower number in the second oolumn| 
when the corresponding degree of hardness in the first column wiU give the integral 
part of the result ; divide the remsinder by the difference on the same line in the third 
column, and the quotient will give the fractional part. For example, if 1000 grains of 
water require 16 " measures " of soap, the calculation will be as follows :^ 



Measures of 


Differanoesforthe 


Soapflplution. 


next r of hardness. 
1-8 


3-2 '.'.'. 


2-2 


5-4 


2-2 


7-6 


2-0 


9-6 


2-0 


11-6 


2-0 


13-6 


2-0 


156 


1-9 


17-5 


1-9 


19-4 


1-9 


21-3 


1-8 


231 


1-8 


24-9 


18 


26-7 


1-8 


28-5 


1-8 


30-3 


17 


33 
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TABLE 7. 
Table of Hardness, Parts in 100,000. 



Volume of 
Solution. 




olume of 
Soap 
olution. 


|i 


olume of 
Soap 
olution. 


h 


Volume of 

Soap 
Solution. 


h 


'%> 


> CO 


%> 


j> to 


%> 


%> 


C.C. 




CO. 




C.C. 




c.c. 








40 


4-57 


80 


10-30 


120 


16-43 






1 


•71 


1 


•45 


1 


•59 






^ 


•86 


2 


•60 


2 


•75 






3 


600 


3 


•75 


3 


•90 






4 


•14 


4 


•90 


4 


1706 






5 


•29 


6 


1105 


6 


•22 






6 


•43 


6 


•20 


6 


•38 


07 


•00 


7 


•67 


7 


•35 


7 


•54 


0-8 


•16 


8 


•71 


8 


•50 


8 


•70 


0-9 


•32 


9 


•86 


9 


•66 


9 


•86 


10 


•48 


60 


600 


90 


•80 


130 


1802 


1 


•63 


1 


•14 


1 


•95 


1 


•17 


2 


•79 


2 


•29 


2 


1211 


2 


•33 


3 


•95 


3 


•43 


3 


•26 


3 


•49 


4 


111 


4 


•57 


4 


•41 


4 


•65 


5 


•27 


5 


•71 


5 


•56 


6 


•81 


6 


•43 


6 


•86 


6 


•71 


6 


•97 


7 


•56 


7 


700 


7 


•86 


7 


1913 


8 


•69 


8 


•14 


8 


1301 


8 


•29 


9 


•82 


9 


•29 


9 


•16 


9 


•44 


20 


•96 


60 


•43 


' 10-0 


•31 


140 


•60 


1 


208 


1 


•67 


1 


•46 


1 


•76 


2 


•21 


2 


•71 


2 


•61 


2 


'92 


3 


•34 


3 


•86 


3 


•76 


3 


20-08 


4 


•47 


4 


8-00 


4 


•91 


4 


•24 


5 


•60 


5 


•14 


5 


1406 


5 


•40 


6 


•73 


6 


•29 


6 


•21 


6 


•56 


7 


•86 


7 


•43 


7 


•37 


7 


•71 


8 


•99 


8 


•67 


8 


•62 


8 


•87 


9 


312 


9 


•71 


i 9 


•68 


9 


2103 


30 


•25 


70 


•86 


110 


•84 


160 


•19 


1 


•38 


1 


900 


; 1 


1500 


1 


•86 


2 


•51 


2 


•14 


1 2 


•16 


2 


-51 


3 


•64 


3 


•29 


3 


•32 


3 


•68 


4 


•77 


4 


•43 


4 


•48 


4 


•85 


5 


•90 


6 


•67 


5 


•63 


6 


2202 


6 


403 1 
■16 1 


6 


•71 


t 6 


•79 


6 


•18 


7 


7 


•85 


7 


•96 


7 


-36 


8 


•29 


8 


1000 


8 


1611 


8 


-52 


3-9 


•43 


7-9 


•16 


11-9 


•27 


9 


•69 














160 


•86 



16-0 
-15-6(=rhardneB8). 



(IMffei«noe=) 1*9) -4 



•21 



therefore tiie baxdaen is 7*21 grains of CoCO^ per gaUon. The water miut be dilated 
with distilled water if necessary, so that the quantity of soap required doee not exceed 
33 measures in ordinary waters, and 14 measures in water oontamng much magnesia. 
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When water containing calcic and magnesic carbonates, held 
in solution by carbonic acid, is boiled, carbonic anhydride is 
expelled, and the carbonates precipitated The hardness due to 
these is said to be temporary^ whilst that dae to sulphates, 
chlorides, etc., and to the amount of carbonates soluble in pure 
water (the last-named being about three parts per 100,000) is 
called permanent. 

To estimate permanent hardness, a known quantity of the water 
is boiled gently for half an hour in a flask, the mouth of which 
is freely open. At the end of the boiling, the water should be 
allowed to cool, and the original weight made up by adding 
recently boiled distilled water. 

Much trouble may be avoided by using flasks of about the same 
weight, and taking so much water in eax^h as will make up the 
same uniform weight Thus if all the flasks employed weigh 
less than 50 gm. each, let each flask with its contents be made 
to weigh 200 gm. 

After boiling and making up to the original weight. Alter the 
water, and determine the hardness in the usual way. The hardness 
thus foifnd, deducted from that of the unboiled water, will give 
the femporarij hardness. 

16. Mineral Oonstituents and Xetali. 

The quantities of the following substances which may be present 
in a sample of water are subject to such great variations, that no 
definite directions can be given as to the volume of water to be 
used. The analyst must judge in each case from a preliminary 
experiment what will be a convenient quantity to take. 

Sulphuric Acid. — Acidify a liter or less of the water with 
hydrochloric acid, concentrated on the water bath to about 100 c.c, 
and while still hot add a slight excess of baric chlorida Filter,, 
wash, ignite, and weigh as baric sulphate, or estimate volumetrically, 
as in § 73. 

Sulphuretted Hydrogen, — Titrate with a standard solution of 
iodine, as in § 74.3. 

Phosphoric Acid. — This substance is best determined in the 
solid residue obtained by evaporation, by moistening it with nitric 
acid, and again drying to render silica insoluble; the residue is 
again treated with dilute nitric acid, filtered, molybdic solution 
(p. 238) added, and set aside for twelve hours in a warm place ; 
filter, dissolve the precipitate in ammonia, precipitate with magnesia 
mixture, and weigh as magnesic pyrophosphate, or estimate volu- 
metrically as in § 69.5a. 

Silicic Acid. — Acidify a liter or more of the water with 
hydrochloric acid, evaporate, and dry the residue thoroughly. 
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Then moisten with hydrochloric acid, dilute with hot water, and 
filter off, wash, ignite, and weigh the separated silica. 

Iron, — To filtrate from the estimation of silicic acid add a few 
drops of nitric acid, dilute to about 100 c.c, and estimate by 
colour titration, as in § 60.4 ; or, where the amount is large, add 
excess of ammonia, and heat gently for a short time. Filter ofi 
the precipitate, and estimate the iron in the washed precipitate 
volumetrically, as in § 59 or 60. 

Calcium, — ^To the filtrate from the iron estimation add excess of am- 
monic oxalate, filter off the calcic oxalate, ignite and weigh as calcic 
carbonate, or estimate volumetrically with permanganate, as in § 48. 

Magnesium. — To the concentrated filtrate from the calcium esti- 
mation add sodic phosphate (or, if alkalies are to be determined in 
the filtrate, ammonic phosphate), and allow to stand for twelve hours 
in a warm place. Filter, ignite the precipitate, and weigh as mag- 
nesic pyrophosphate, or, before ignition, titrate with uranium. 

Barium. — Is best detected in a water by acidifying with 
hydrochloric acid, filtering perfectly clear if necessary, then 
add a clear solution of calcic sulphate, and set aside in a warm 
place. Any white precipitate which forms is due to barium. 

Potassium and Sodium. — These are generally determined jointly, 
and for this purpose the filtrate from the magnesium estimation 
may be used. Evaporate to dryness, and heat gently to expel 
ammonium salts, remove phosphoric acid with plumbic acetate, and 
the excess of lead in the hot solution by ammonia and ammonic 
carbonate. Filter, evaporate to dryness, heat to expel ammonium 
salts, and weigh the alkalies as chlorides. 

It is, however, generally less trouble to employ a separate 
portion of water. Add to a liter or less of the water enough 
pure baric chloride to precipitate the sulphuric acid, boil with 
pure milk of lime, filter, concentrate, and remove the excess of 
lime with ammonic carbonate and a little oxalate. Filter, 
evaporate, and weigh the alkaline chlorides in the filtrate. If 
the water contains but little sulphate, the baric chloride may be 
omitted, and a little ammonic chloride added to the solution 
of alkaline chlorides. 

If potassium and sodium must each be estimated, separate them 
by means of platinic chloride; or, after weighing the mixed 
chlorides, determine the chlorine present in them, and calculate the 
amounts of potassium and sodium by the following formula : — 
Calculate all the chlorine present as potassic chloride ; deduct this 
from the weight of the mixed chlorides, and call the difference d. 
Then as 16-1 : 5837 : : d : KaCl present. (See also § 38.) 

Lead. — May be estimated by the method proposed by Miller. 
Acidulate the water with two or three drops of acetic acid, and 
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add ^^ of its bulk of saturated aqueous solution of sulphuretted 
hydrogen. Compare the colour thus produced in the colorimeter 
or a convenient cylinder, with that obtained with a known quantity 
of a standard solution of a lead salt, in a manner similar to 
that described for the estimation of iron (§ 60.4). The lead 
solution should contain 01 831 gm. of normal crystallized plumbic 
acetate in a liter of distilled water,, and therefore each c.c. 
contains 0*0001 gm. of metallic lead. 

It is obvious that in the presence of copper or other heavy metals 
tlie colour produced by the above method will all be ascribed to 
lead ; it is preferable, therefore, to adopt the method of Harvey 
{Analyst^ vi. p. 146), in which the lead is precipitated as chromate. 
The results, however, are not absolute as to quantity, except so 
far as the eye may be able to measure the amount of precipitate. 

The standard lead solution is the same as in the previous 
method. The precipitating agent is pure potassic bichromate, in 
fine crystals or powder. 

250 c.c. or so of the water is placed in a Phillips' jar with 
a drop or two of acetic acid, and a few grains of the re-agent 
added, and agitated by shaking. One part of lead in a million 
parts of water will show a distinct turbidity in five minutes or 
less. In six or eight hours the precipitate will have completely 
settled, and the yellow clear liquid may be poured off without 
disturbing the sediment, which may then be shaken up with a 
little distilled water, and its quantity judged by comparison with 
a similar experiment made with the standard lead solution. 

Copper. — Estimate by colour titration, as in § 649. 

Arsenic, — Add to half a liter or more of the water enough 
sodic hydrate, free from arsenic, to render it slightly alkaline, 
evaporate to dryness, and extract with a little concentrated 
hydrochloric acid. Introduce this solution into the generating 
flask of a small Marsh's apparatus, and pass the evolved 
hydrogen, first through a [J-tube filled with pumice, moistened 
with plumbic acetate, and then through a piece of hard glass 
tube about 150 m.m. in length, and 3 m.m. in diameter (made 
by drawing out combustion tube). At about its middle, this 
tube is heated to redness for a length of about 20 m.m. by the 
flame of a small Buns en burner, and here the arsenetted 
hydrogen is decomposed, arsenic being deposited as a mirror on 
the cold part of the tube. The mirror obtained after the gas has 
passed slowly for an hour is compared with a series of standard 
mirrors obtained in a similar way from known quantities of 
arsenic. Care must be taken to ascertain in each experiment 
that the hydrochloric acid, zinc, and whole apparatus are free from 
arsenic, by passing the hydrogen slowly through the heated tube 
before introducing the solution to be tested. 
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Zinc, — This metal exists in waters as bicarbonate, and on 
exposure of such waters in open vessels a fihn of zinc car- 
bonate forms on the surface; this is collected on a platinum 
knife or foil and ignited. The residue is of a yellow colour 
when hot, and turns white on cooling. The reaction is exceedingly 
delicate. 



THB INTEBPBETATION OF THE BBSTJLTS OF. ANALYSIS. 

§ 85« The primary form of natural water is rain, the chief 
impurities in which are traces of organic matter, ammonia, and 
ammonic nitrate derived from the atmosphere. On reaching the 
ground it becomes more or less charged with the soluble constituents 
of the soil, such as calcic and magnesic carbonates, potassic and 
sodic chlorides, and other salts, which are dissolved, some by a 
simple solvent action, others by the agency of carbonic acid in 
solution. Draining off from the land, it will speedily find its way 
to a stream which, in the earlier part of its course, will probably 
be free from pollution by animal matter, except that derived from 
any manure which may have been applied to the land on which 
the rain felL Thus comparatively pure, it will furnish to the 
inhabitants on its banks a supply of water which, after use, will be 
returned to the stream in the form of sewage charged with impurity 
derived from animal excreta, soap, household refuse, &c., the 
pollution being perhaps lessened by submitting the sewage to some 
purifying process, snch as irrigation of land, filtration, or clarifica- 
tion. The stream in its subsequent course to the sea will be in 
some measure purified by slow oxidation of the organic matter, and 
by the absorbent action of vegetation, but not to any great extent. 
Some of the rain will not, however, go directly to a stream, but 
sink through the soil to a well. If this be shallow, it may be 
considered as merely a pit for the accumulation of drainage from 
the immediately surrounding soil, which, as the well is in most 
cases close to a dwelling, will be almost inevitably charged with 
excretal and other refuse ; so that the water when it reaches the 
well will be contaminated with soluble impurities thence derived, 
and with nitrites and nitrates resulting from their oxidation. 
After use the water from the well will, like the river water, form 
sewage, and find its way to a river, or again to the soil, according 
to circumstances. 

In the case of a deep well, from which the surface water is 
excluded, the conditions are different. The shaft will usually pass 
through an impervious stratum, so that the water entering it will 
not be derived from the rain which falls on the area immediately 
surrounding its mouth, but from that which falls on the outcrop 
of the pervious stratum below the impervious one just mentioned; 
and if this outcrop be in a district which is uninhabited and 
uncultivated, the water of the well will probably be entirely free 
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Besults of Analysis expressed 



Number 

of 
Sample. 



DESCEIPTION. 



BEMASKS. 



I. 
II. 

III. 

IV. 

V. 

VI. 
VII. 

VIII. 

IX. 

X. 

XI. 

XII. 
XIII. 
XIV. 



XV. 

XVI. 

XVII. 
XVIII. 

XIX. 
XX. 



XXI. 

XXII. 

XXIII. 

XXIV. 

XXV. 

XXVI. 



XXVII. 
XXVIII. 

XXIX. 
XXX. 

XXXI. 



XXXII. 
XXXIII. 
XXXIV. 

XXXV. 

'xxxvi. 



TJpland Sorfikce Waters. 

The Dee above Balmoral, March dth, 1872 
Glasgow Water supply from Loch Katrine— average of ) 
monthly analyses during five years, 1876—81 ) 

Liverpool Water supply from Bivington Pike, June 4th,l869 
Manchester Water supply, May 9th, 1874 ... ' ... 
Cardiflf Water supply, Oct. 18th, 1872 

Surface Water from Ooltivated Land. 
Dundee Water supply, March 12th, 1872 
Norwich Water supply, June 18th, 1872 

ShaUow Wells. 

Cirencester, Market Place, Nov. 4th, 1870 
Marlborough, College Yard, Aug. 22nd, 1878 ... 
Birmingham, Hurst Street, Sept. 18th, 1873 ... 

Sheffield, Well near, Sept. 27th, 1870 

London, Aldgate Pump, June 5th, 1872 
London, Wellclose Square, June 5th, 1872 
Leigh, Essex, Churchyard Well, Nov. 28th, 1871 

Beep Wells. 

Birmingham, Short Heath Well, May 16th, 1873 

Caterham, Water Works Well, Feb. 14th, 1878 

Ditto, Softened (Water supply ) 

London, Albert Hall, May, 1872 

Gravesend, Bail way Station, Jan. I7th, 1873 ... 

Springs. 

Dartmouth Water supply, Jan. 8th, 1873 
Grantham Water supply, July 11th, 1873 



Clear 

Clear; very pale brown 

aear 

Turbid 

Clear 

Turbid; brownish yellow , 
Slightly turbid 

Slightly turbid 

Clear 

Clear; strong saline taste 
r Very turbid & offen- ^ 
j sive. Swarming > 
t with bacteria, &c. ) 

Clear 

Slightly turbid; salinetaste 

Slightly turbid 

Clear 

Clear 

SUghtly turbid.!. 
Clear 

Turbid 

Clear ' 



London Water supply^averaffe monthly analyses during 12 years, 1860—80. 
From the Thames ... 
From the Lea 

From Deep Chalk Wells (Kent Company) 
Ditto (Colne Valley Co.) softened— four yean, 1877--80 
Ditto (Tottenham)— four years, 1877—80 

Birmingham Water supply^-average monthly analyses, 1876—1880. 

Average Composition of TJnpoUuted Water. 

Bain Water ... ... ... 39 samples 

TJpland Surface Water ... ... 195 „ 

Deep Well Water ... ... ... 157 „ 

Spring Water ... ... ... 198 „ 

Sea Water 23 „ 



Sewage. 
Average from 15 ** Midden " Towns, 37 analyses 
Average from 16 "Water Closet " Towns, 50 analyses ... 
Salford, Wooden Street Sewer, March 15th, 1869 
Merthyr Tydfil, average 10 a.m. to 5 p.m., Oct. 20th, 1871 "j 
(after treatment with lime) ) 

Ditto, Effluent Water ,:^:,,^, 
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in parts per 100,000 


, 










TABLE 


8. 


Total 

solid 

Matter. 


Organic 
Carbon. 


Organio 
Nltro- 
gen. 


h^ 


Nitro- 
gens* 
Am- 
monia. 


Nitrogen 

Nitottes 

and 
Nitrites. 


Total 
Inorganic 
Nitrogen. 


Total 
Combined 
Nitrogen. 


Cblorine. 


Hardness. 


Tern, 
porary. 


Perma- 
nent. 


TotaL 


1-52 


•132 


•014 


9-4 











•014 


•50 





1-5 


15 


2-94 


•148 


•016 


92 





•005 


•005 


•022 


•64 


— 


— 


•9 


9-66 


•210 


•029 


7-2 


•002 





•002 


•031 


158 


•3 


3-7 


40 


700 


•132 


-031 


41 


•002 





•002 


•083 


•90 





2-7 


2-7 


23-50 


•212 


•031 


6-8 





•034 


•034 


•065 


1^40 


7-1 


12-9 


200 


1116 


•418 


•059 


7-1 


•001 


•081 


•082 


•141 


1-75 





6-0 


6-0 


30 92 


•432 


•080 


5-4 


•012 


-036 


•048 


•128 


310 


21-3 


5-3 


266 


3100 


•041 


•008 


51 





•362 


•362 


•370 


160 


18-4 


4^6 


230 


32-48 


•049 


•015 


3-3 





•613 


•613 


•628 


1-90 


15-6 


101 


25-7 


240-20 


•340 


•105 


32 


•511 


14-717 


15-228 


15333 


36-50 


276 


99-6 


1271 


18-50 


1200 


•126 


9-5 


•091 





•091 


•217 


2-20 


20 


14 


34 


12310 


•144 


•141 


10 


•181 


6-851 


7032 


7173 


12-85 


371 


40-0 


77-1 


396 50 


•278 


•087 


3-2 





25 840 


25-840 


25 927 


34-60 


267 


164-3 


191-0 


11212 


•210 


•065 


8-2 





5047 


6047 


6-112 


13-75 


14-3 


45-7 


600 


1508 


•009 


•004 


2-2 





•447 


•447 


•451 


130 


4-6 


51 


9-7 


27-68 


•028 


•009 


3-1 





•021 


•021 


•030 


1-55 


162 


60 


21-2 


880 


•015 


•003 


50 


— 


— 





— 


— 


— 


— 


4-4 


61-68 


•168 


•042 


4-0 


•007 


•066 


•073 


•115 


1510 


3'4 


22 


5-6 


08 00 


•127 


•029 


4-4 


•068 


2-937 


3000 


8029 


5-40 


27^9 


14-5 


42-4 


17-36 


•060 


-016 


37 





•330 


•330 


•346 


2-46 


1-6 


10-0 


11-6 


30-20 


•048 


•018 


27 





•833 


•833 


•851 


205 


171 


6-5 


23-6 


27-96 


•210 


•034 


61 





•207 


•207 


•241 


1-68 


_ 


_ 


20-4 


28-44 


•148 


•026 


5-8 





•209 


•209 


•235 


1-74 


— 


— 


21-0 


41-88 


•054 


•012 


4-4 





-434 


•434 


•446 


2-45 


— 


— 


28-2 


13-75 


■068 


•015 


4-4 


•001 


•338 


•334 


•349 


1-44 


— 


— 


6-2 


44-12 


•063 


•014 


45 


•026 


•266 


•292 


•306 


312 


— 


— 


254 


2601 


-245 


•054 


4-6 


•002 


•231 


•233 


•287 


1-73 


7-7 


88 


16-5 


2-95 


•070 


-015 


4-7 


•024 


•003 


•027 


•042 


•22 


. 





•3 


9-67 


•822 


•032 


101 


•002 


•009 


-Oil 


•043 


113 


1-5 


4-3 


5-4 


43-78 


•061 


•018 


34 


•010 


•495 


•505 


•523 


511 


15-8 


9-2 


250 


i 28-20 


•066 


•018 


43 


•001 


-883 


•384 


•397 


2-49 


11-0 


75 


18-5 


3898-7 


•278 


•165 


1-7 


•0O6 


•083 


•038 


•203 


1975-6 


48-9 


748^0 


796-9 




















Mineral. Organic. Total. 


82-4 


4181 


1-975 


21 


4-476 





4-476 


6-451 


11-54 


17-81 


21-80 


39-11 


722 


4-696 


2-205 


21 


5-520 


•003 


5-523 


7-728 


10-66 


2418 


20-51 


44-69 


419-6 


11012 


7-634 


1-4 


5-468 





5-468 


13102 


20 50 


18-88 


26-44 


45-82 


49-20 


1-282 


•952 


1-3 


1054 


•052 


1106 


2058 


5-25 


7-88 


656 


14-44 


33-48 


•123 


•031 


4-0 


•048 


•300 


•348 


•379 


260 
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from organic impurity or products of decomposition. But oven 
if the water be polluted at its source, still it must pass through 
a very extensive filter before it reaches the well, and its organic 
matter will probably be in great measure converted by oxidation 
into bodies in themselves innocuous. 

This is very briefly the general history of natural waters, and 
the problem presented to the analyst is to ascertain, as far as 
possible, from the nature and quantity of the impurities present, 
the previous history of the water, and its present condition and 
fitness for the purpose for which it is to be used. 

It is impossible to give any fixed rule by which the results 
obtained by the foregoing method of analysis should be interpreted. 
The analyst must form an independent opinion for each sample 
from a consideration of all the results he has obtained. Never- 
theless, the following remarks, illustrated by reference to the 
examples given in the accompanying table, which may be con- 
sidered as fairly typical, will probably be of service. (See pages 
372 and 373). 

Total SoUd Matter. « 

Waters which leave a large residue on evaporation are, as a rule, 
less suited for general domestic purposes than those which contain 
less matter in solution, and arc unfit for many manufacturing 
purposes. The amount of residue is also of primary importance 
as regards the use of the water for steam boilers, as the quantity 
of incrustation produced will chiefly depend upon it. It may 
vary considerably, apart from any unnatural pollution of the water, 
as it depends principally on the nature of the soil through or 
over which the water passes. River water, when but slightly 
polluted, contains generally from 10 to 40 parts. Shallow well 
water varies greatly, containing from 30 to 150 parts, or even 
more, as in examples X. and XIII., the x)i*oportion here depending 
less on the nature of the soil than on the original pollution of 
the water. Deep well water also varies considerably ; it usually 
contains from 20 to 70 parts, but this range is fi'equently over- 
stepped, the quantity depending largely upon the nature of the 
strata from which the water is obtained. Example XV., being 
in the New Red Sandstone has a small proportion, but XVII. 
and XVIII. in the Chalk have a much larger quantity. Spring 
waters closely resemble those from deep wells. Sewage contains 
generally from 50 to 100 parts, but occasionally less, and frequently 
much more, as in example XXXIV. The total solid matter, as a 
rule, exceeds the sum of the constituents determined ; the nitrogen, 
as nitrates and nitrites, being calculated as potassic nitrate, and 
the chlorine as sodic chloride; but occasionally this is not the 
case, owing, it is likely, to the presence of some of the calcium as 
calcic nitrate or chloride. 
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Orffanio Carbon or Nitrogen. 

The existing condition of the sample, as fkr as organic contami- 
nation is concerned, must be inferred from the amount of these 
two constituents. In a good water, suitable for domestic supply, 
the former should not, under ordinary circumstances, exceed 0*2 
and the latter 002 part. 

Waters from districts containing much peat are often coloured 
more or less brown, and contain an unusual quantity of organic 
carbon, but this peaty matter is probably innocuous unless the 
quantity be extreme. The large proportion of organic carbon and 
nitrogen given in the average for unpolluted upland surface water 
in Table 8 (XXVIII.), is chiefly due to the fact that upland 
gathering grounds are very frequently peaty. The examples given 
(I. to V.) may be taken as fairly representative of the character of 
upland surfiEU^e waters free from any large amount of peaty matter. 
In surface waters from cultivated areas the quantity of organic 
carbon and nitrogen is greater, owing to increased density of 
population, ihr use of organic manures, &c.« the proportion being 
about 0-25^ 3 part of organic carbon, and 04 to 0*05 part 
of organic nitrogen. The water from shallow wells varies so 
widely in its character that it is impossible to give any useful 
average. In many cases, as for example in XIII. and XIV., the 
amount is comparatively small, although the original pollution, 
as shown by the total inorganic nitrogen and the chlorine, was 
very large ; the organic matter in these cases having been almost 
entirely destroyed by powerful oxidation. In VIII. and IX. the 
original pollution was slight; and oxidation being active, the 
organic carbon and nitrogen have been reduced to extremely small 
quantitie& On the other hand, in XI. the proportion of organic 
matter is enormous, the oxidizing action of the surrounding soil 
being utterly insufficient to deal with the pollution. The danger 
attending the use of shallow well waters, which contain when 
analyzed very small quantities of organic matter, aiises chiefly 
from the liability of the conditions to variation. Change of 
weather and many other circumstances may at any time prevent 
the purification of the water, which at the time of the analysis 
appeared to be efficient. Moreover, it is by no means certain, 
that an oxidizing action which would be sufficient to reduce the 
organic matter in a water to a very small proportion, would be 
equally competent to remove the specific poison of disease. 
Hence the greater the impurity of the source of a water the 
greater the risk attending its use. 

In deep well waters the quantity of oi^ganic carbon and nitrogen 
also extends through a wide range, but is generally low, the 
average being about 0-06 part carbon and 0*02 part nitrogen 
(XXIX.). Here the conditions are usually very constant, and if 
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surface drainage be excluded, the source of the water is of less 
importance. Springs in this, as in most other respects, resemble 
deep wells; the water from them being geneially, however, 
somewhat purer. In sewage great variations are met with. On 
the average it contains about four parts of organic carbon and 
two parts of organic nitrogen (XXXII. and XXXIIL), but the 
range is very great. In the table, XXXIV. is a veiy strong sample, 
and XXXV. a weak one. The effluent water from land irrigated 
with sewage is usually analogous to waters from shallow wells, 
and its quality varies greatly according to the character of the 
sewage and the conditions of the irrigation. 



Batio of Orgranio Carbon to Orffanic KitrosrexL. 

The ratio of the organic carbon to the organic nitrogen given in 
the seventh column of the table (which shows the fourth term of 
the proportion— organic nitrogen : organic carbon : : 1 : a;),* is 
of great importance as furnishing a valuable indication of the 
nature of the organic matter present. When this is of vegetable 
origin, the ratio is very high, and when of animal origin very low. 
This statement must, however, be qualified, on account of the 
different effect of oxidation on animal and vegetable substances. 
It is found that when organic matter of vegetable origin, with a 
high ratio of carbon to nitrogen, is oxidized, it loses carbon more 
rapidly than nitrogen, so that the ratio is reduced. Thus unoxidized 
peaty waters exhibit a ratio varying from about 8 to 20 or even 
more, the average being about 12; whereas, the ratio in spring 
water originally containing peaty matter, varies from about 2 to 5, 
the average being about 3*2. When the organic matter is of 
animal origin the action is reversed, the ratio being increased by 
oxidation. In unpolluted upland surfEice waters the ratio varies 
from about 6 to 12, but in peaty waters it may amount to 20 or 
more. In surface water from cultivated land it ranges from about 
4 to 10, averaging about 6. In water from shallow wells it varies 
from about 2 to 8, with an average of about 4, but instances beyond 
this range in both directions are very frequent. In water from 
deep wells and springs, the ratio varies from about 2 to G, with an 
average of 4, being low on account, probably, of the prolonged 
oxidation to which it has been subjected, which, as has been stated 
above, removes carbon more rapidly than nitrogen. In sea 
water this action reaches a maximum, the time being indefinitely 
prolonged, and the ratio is on the average about 1*7. This is 
probably complicated by the presence, in some cases, of multitudes 
of minute living organisms. In sewage the ratio ranges £rom 
about 1 to 3, with an average of about 2. 

When, in the case of a water containing much nitrogen as 
nitrates and nitrites, this ratio is unusually low, incomplete 
destruction of nitrates during the evaporation may be suspected. 
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and the estimation should be repeated. To provide for this 
contingency, if a water contain any considerable quantity of 
ammonia, it is well, when commencing the evaporation in the 
first instance, to set aside a quantity sufficient for this repetition, 
adding to it the usual proportion of sulphurous acid. 



Nitroflren as Ammonia. 

The ammonia in natural waters is derived almost exclusively 
from animal contamination, and its quantity varies between very 
wide limits. In upland surface waters it seldom exceeds 0*008 
part, the average being about 0*002 part. In water from cultivated 
land the average is about 0*005, and the range is greater, being from 
Mi7 to 0*025 part or even more. In water from shallow wells the 
variation is so great that it would be useless to attempt to state an 
average, all proportions from nil to as much as 2*5 parts having 
been observed. In waters from deep wells a very considerable 
proportion is often found, amounting to 0*1 part or even more, the 
average being 0*01 part, and the variations considerable. In spring 
water it is seldom that more that 0*01 part of nitrogen as ammonia 
occurs, the average being only 001 part. Sewage usually con- 
tains from 2 to 6 parts, but occasionally as much as 9 or 10 parts, 
the average being about five. Ammonia is readily oxidized to 
nitrates and nitrites, and hence its presence, in considerable 
quantity, usually indicates the absence of oxidation, and is generally 
coincident with the presence of organic matter. That sometimes 
found in waters from very deep weUs is, however, probably due to 
subsequent decomposition of nitrates. 

Nitrofiren as Kitratds and Kitrit«8. 

Nitrates and nitrites are produced by the oxidation of nitro- 
genous organic matter, and almost always from animal matter. In 
upland surface waters the proportion varies from nil to 05 part 
or very rarely more, but the majority of samples contain none or 
mere traces (I. to V.), the average being about 0*009 part. In 
sur£Ekce waters from cultivated land the quantity is much greater, 
varying from n/7, which seldom occurs, to 1 part, the average being 
about 0*25 part. The propoition in shallow weUs is usually much 
greater still, ranging from nil, which very rarely occurs, to as much 
as 25 parts. It would be probably useless to attempt to state an 
average, but quantities of from 2 to 5 parts occur most frequently. 
In water from deep wells the range is from nil to about 3 parts, 
and occasionally more, the average being about 0*5 part. In 
spring water the range is about the same as in deep well water, 
but the average is somewhat lower. 

It sometimes happens that^ when the supply of atmospheric 
oxygen is deficient, the organic matter in water is oxidized at the 



Digitized by VjOOQIC 



378 HANDBOOK OF § 85. 

expense of the nitrates present ; and occasionally, if the quantities 
happen to be suitably proportioned, they are mutually destroyed, 
leaving no evidence of pollution. This reduction of nitrates often 
occurs in deep well water, as for example, in that from wells in the 
Chalk beneath London Clay, where the nitrates are often totally 
destroyed. In sewages, putrefaction speedily sets in, and during 
this condition the nitrates are rapidly destroyed, and so completely 
and uniformly that it is probably needless to attempt their 
estimation, except in sewages which are very weak, or for other 
special reasons abnormal Out of a large number of samples, only 
a veiy few have been found which contained any nitrates, and 
those only veiy small quantities. 

Nitrites occurring in deep springs or wells no doubt arise from 
the deoxidation of nitrates by ferrous oxide, or contain forms of 
organic matter of a harmless nature; but whenever they occur 
in shallow wells or river water, they may be of much greater 
significanca Their presence in such cases is most probably due to 
recent sewage contamination, and such waters must be looked 
upon with great suspicion. 

Total Inorffanio Kitro^n. 

When organic matter is oxidized it is ultimately resolved into 
inorganic substancesC Its carbon appears as carbonic acid, its 
hydrogen as water, and its nitrogen as ammonia, nitrous acid, or 
nitric acid ; the last two combining with the bases always present 
in water to form nitrites and nitrates. The carbon and hydrogen 
are thus clearly beyond the reach of the analyst ; but the nitrogen 
compounds, as has been shown, can be accurately determined, and 
furnish us with a means of estimating the amount of organic 
matter which was formerly present in the water, but which has 
already undergone decomposition. 

The sum of the amounts of nitrogen found in these three forms 
constitutes then a distinct and valuable term in the analysis, the 
organic nitrogen relating to the present, and the total inorganic 
nitrogen to the past condition of the water. Since ammonia, 
nitrites, and nitrates are quite innocuous, the total inorganic 
nitrogen does not indicate actual evil like the organic nitrogen, but 
potential evil, as it is evident that the innocuous character of a 
water which contains much nitrogen in these forms depends wholly 
on the permanence of the conditions of temperature, aii ration, 
filtration through soil, <fec., which have broken up the original 
organic matter ; if these should at any time fail, the past contami- 
nation would become present, the nitrogen appearing in the organic 
form, the water being loaded in all likelihood with putrescent and 
contagious matter. 

In upland surface waters which have not been contaminated to 
any extent by animal pollution the total inorganic nitrogen rarely 
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exceeds 0*03 part. In water from cultivated districts the amount 
is greater, ranging as high as 1 part, the average of a large number 
of samples being about 0*22 part. It is useless to attempt any 
generalization for shallow wells, as the proportion depends upon 
local circumstances. The amount is usually large and may reach, 
as seen in Example XIIL, the enormous quantity of twenty- five 
parts per 100,000. Waters containing from one to five parts are 
very commonly met with. In water from deep wells and springs, 
quantities ranging up to 3*5 parts have been observed, the average 
on a large series of analyses being 0*5 part for deep wells and about 
0-4: part for springs. It must be remembered that the conditions 
attending deep wells and springs are remarkably permanent, and the 
amount of filtration which the water undergoes before reaching the 
well itself, or issuing from the spring, is eftormous. Meteorological 
changes here have either no eflTect, or one so small and slow as not 
to interfere with any purifying actions which may be taking place. 
All other sources of water, and especially shallow wells, are on the 
other hand subject to considerable changes. A sudden storm after 
drought will wash large quantities of polluting matter into the 
water-course ; or dissolve the filth which has been concentrating in 
the pores of the soil during the dry season, and carry it into the well. 
Small indications therefore of a polluted origin are very serious in 
surface waters and shallow well waters, but are of less moment in 
water from deep wells and springs ; the present character of these 
being of chief importance, since whatever degree of purification 
may be observed may usually be trusted as permanent. The term 
" total inorganic nitrogen " has been chosen, chiefly because it is 
based on actual results of analysis without the introduction of any 
theory whatever. It will be seen that it corresponds very nearly 
with the term " previous sewage or animal contamination," which 
was introduced by Dr. Frankland, and which was employed in 
the second edition of this work. Perhaps few terms liave been 
more wonderfully misunderstood and misrepresented than that 
phrase, and it is hoped that the new term will be less liable to 
misconception. It will be remembered that the " previous sewage 
contamination " of a water was calculated by multiplying the sum 
of the quantities of nitrogen present as ammonia, nitrates, and 
nitrites, by 10,000, and deducting 320 from the product, the number 
thus obtained representing the previous animal contamination of 
the water in terms of average filtered London sewage. It was 
purely conventional, for the proportion of organic nitrogen present 
in such sewage was assumed to be 10 parts per 100,000, whereas in 
the year 1857 it was actually 8*4: parts, and in 18G9 only 7 parts. 
The deduction of 320 was made to correct for the average amount of 
inorganic nitrogen in rain water, and this is omitted in calculating 
"total inorganic nitrogen" for the following reasons: — The quantity 
is small, and the variations in composition of rain water at different 
times and under different circumstances very considerable, and it 



Digitized by VjOOQIC 



380 HANDBOOK OF § 85. 

appears to obscure the significance of the results of analysis of very 
pure waters to deduct from all the same fixed amount As, too^ 
the average amount of total inorganic nitrogen in unpolluted surface 
waters is only 0*011 part (XXVIII.), it cannot be desirable to 
apply a correction amounting to nearly three times that average, 
and so place a water which contains 0*032 part of total inorganic 
nitrogen on the same level as one which contains no trace of any 
previous pollution. 

Chlorine. 

This is usually present as sodic chloride, but occasionally, as has 
been mentioned before, it is most likely as a calcic salt. It is 
derived, in some cases, from the soil, but more usually from animal 
excreta (human urine contains about 500 parts per 100,000), and 
is therefore of considerable importance in forming a judgment as to 
the character of a water. Unpolluted river and spring wateis 
usually contain less than one part; average town sewage about 
eleven parts. Shallow well water may contain any quantity from 
a mere trace up to fifty parts, or even more. Its amount is scarcely 
affected by any degree of filtration through soil ; thus, the effluent 
water from land irrigated with sewage contains the same proportion 
of chlorine as the sewage, unless it has been diluted by subsoil 
water or concentrated by evaporation. Of course, attention should 
be given to the geological nature of the district from which the 
water comes, the distance from the sea or other source of chlorine, 
&c., in order to decide on the origin of the chlorine. Under ordinary/ 
circumstances, a water containing more than three or four parts oj 
chlorine should be regarded with suspicion. 



Hardness. 

This is chiefly of importance as regards the use of the water for 
cleansing and manufacturing purposes, and for steam boilers. It is 
still a moot point as to whether hard or soft water is better as an 
article of food. The temporary hardness is often said to be that 
due to carbonates held in solution by carbonic acid, but this is not 
quite correct; for even after prolonged boiling, water will still 
retain about three parts of carbonate in solution, and therefore when 
the total hardness exceeds three parts, that amount should be 
deducted from the permanent hardness and added to the temporary, 
in order to get the quantity of carbonate in solution. But the 
term "temporary" hardness properly applies to the amount of 
hardness which may be removed by boiling, and hence, if the total 
hardness be less than three parts, there is usually no temporary. 
As the hardness depends chiefly on the nature of the soil through 
and over which the water passes, the variations in it are very great ; 
that from igneous strata has least hardness, followed in approximate 
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order by that from Metamorphic, Cambrian, Silurian and Devonian 
rocks, Millfltono Grit, London Clay, Bagsbot Beds, New Eed Sand- 
stone, Coal Measures, Mountain Limestone, Oolite, Chalk, Lias, and 
Dolomite, the average in the case of the first being 2 '4 parts, and of 
the last 41 parts. As animal excreta contains a considerable quantity 
of lime, highly polluted waters are usually extremely hard. Water 
from shallow wells contains varyiner proportions up to nearly 200 
parts of total hardness (XIII.). No generalization can be made as 
to the proportion of permanent to temporary hardness. 



Suspended Katter. 

This is of a less degree of importance than the matters hitherto 
considered. From a sanitary point of view it is of minor interest, 
because it may be in most cases readily and completely removed by 
filtration. Mineral suspended matter is, however, of considerable 
mechanical importance as regards the formation of impediments in 
the river bed by its gradual deposition, and as regards the choking 
of the sand filters in water- works ; and organic suspended matter 
is at times positively injurious, and always favours the growth of 
minute organisms. 

From the determinations which have been described, it is believed 
that a sound judgment as to the character of a water may be made, 
and the analyst should hardly be content with a less complete 
examination. If, however, from lack of time or other cause, so much 
cannot be done, a tolerably safe opinion may be formed, omitting 
the determination of total solid matter, and organic carbon and 
nitrogen. But it must not be forgotten that by so doing the 
enquiry is limited as regards organic impurity, to the determination 
of that which was formerly present, but has already been converted 
into inorganic substances. If still less must suffice, the estimation 
of nitrogen as nitrates and nitrites may be omitted, its place being 
to a certain extent supplied by that of chlorine, but especial care 
must then be taken to ascertain the source of the latter by exami- 
nation of the district. If it be in any degree of mineral origin, no 
opinion can be formed from it as to the likelihood of organic 
pollution. At best, so slight an examination must be of but little 
value, and considering the rapidity with which the nitrogen as 
nitrates can be determined by the indigo process, the saving of time 
would be very smaD. 

Qeneral Conslderationa. 

In judging of the character of a sample of water, due attention 
must of course be paid to the purpose for which it is proposed to 
be used. The analyst frequently has only to decide broadly 
whether the water is good or bad ; as, for example, in cases of the 
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domestic supply to isolated houses or of existing town supplies. 
Water which would be fairly well suited for the former might be 
very objectionable for the ktter, where it would be required to a 
certain extent for manufacturing purposes. Water which would 
be dangerous for drinking or cooking may be used for certain kinds 
of cleansing operations ; but it must not be forgotten, that unless 
great care and watchfulness are exercised there is considerable 
danger of this restriction being neglected, and especially if the 
objectionable water is nearer at hand than the purer supply. There 
would for this reason, probably, be some danger attending a double 
supply on a large scale in a town, even if the cost of a double 
service of mains, &c., were not prohibitive. 

It is often required to decide between several proposed sources of 
supply, and here great care is necessary, especially if the diiferences 
between the samples are not great. If possible, samples should be 
examined at various seasons of the year ; and care should be taken 
that the samples of the several waters are collected as nearly as 
possible simultaneously and in a normal condition. The general 
character of a water is most satisJGsu^torily shown by the average of 
a systematic series of analyses; and for this reason the average 
analysis of the water supplies of London, taken from the Reports 
of Dr. Frank land to the Registrar General, of Glasgow by 
Dr. Mills, and of Birmingham by Dr. Hill, are included in the 
table. River waters should, as a rule, not be examined immediately 
after a heavy rain when they are in flood. A sudden rainfall after 
a dry season will often foul a river more than a much heavier and 
more prolonged downfall after average weather. Similarly the sewage 
discharged from a town at the beginning of a heavy rainstorm is 
usually extremely foul, the solid matter which has been accumulating 
on the sides of the sewers and in comers and recesses, being rapidly 
washed out by the increased stream. 

The possibility of improvement in quality must also be. considered. 
A turbid water may generally be rendered clear by filtration, and 
this will often also effect some slight redaction in the quantity of 
organic matter ; but while somewhat rapid filtration through sand 
or similar material will usually remove all solid suspended matter, it 
is generally necessary to pass the water very slowly through a more 
efficient material to destroy any large proportion of the organic 
matter in solution. Very fine sand, animal charcoal, and spongy 
iron are all in use for this purpose. The quantity of available 
oxygen must not be neglected in considering the question of filtra- 
tion- If the water contains only a small quantity of organic 
matter and is well aerated, the quantity of oxygen in solution may 
be sufficient, and the filtration may then be continuous ; but in 
many instances this is not the case, and it is then necessary that 
the filtration should be intermittent, the water being allowed at 
intervals to drain off from the filtering material in order that the 
latter may be well aerated, after which it is again fit for work. 
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Softening water by Clark's process generally removes a large 
quantity of organic matter (see Table 8, XVI.) from solution, it 
being carried down with the calcic carbonate precipitate. 

It is evident that no very definite distinction can be drawn 
between deep and shallow wells. In the foregoing pages, deep wells 
generally mean such as are more than 100 feet deep, but there are 
many considerations which qualify this definition. A deep well 
may be considered essentially as one the water in which has filtered 
through a considerable thickness of porous material, and whether the 
shaft of such a well is deep or shallow will depend on circumstances. 
If the shaft passes through a bed of clay or other impervious 
stratum, and the surface water above that is rigidly excluded, the 
well should be classed as " deep," even if the shaft is only a very 
few feet in depth, because the water in it must have passed for a 
considerable distance below the clay. On the other hand, however 
deep the shaft of a well, it must be considered as " shallow *' if 
water can enter the shaft near the surfEice, or if large cracks or 
fissures give free passage for surface water through the rock in 
which the well is sunk. With these principles in view, the water 
from wells may often be improved. Every care should be taken 
to exclude surface water from deep wells ; that is to say, all water 
from strata within about 100 feet from the surface or above the first 
impervious bed. In very deep wells which pass through several 
such beds, it is desirable to examine the water from each group of 
pervious strata, as this often varies in quality, and if the supply is 
sufficient, exclude all but the best. 

In shallow wells much may occasionally be accomplished in a 
similar manner by making the upper part of the shaft water-tight. 
It is also desirable that the surface for some distance round the 
well should be puddled with clay, concreted, or otherwise rendered 
impervious, so as to increase the thickness of the soil through which 
the water has to pass. Drains passing near the well should be, if 
possible, diverted; and of course cesspools should be either abolished, 
or, if that is impracticable, removed to as great a distance from the 
well as is possible, and in addition made perfectly water-tight. 
Changes such as these tend to diminish the uncertainty of the 
conditions attending a shallow well, but in most cases such a source 
of supply should, if possible, be abandoned as dangerous at 
best. 

Clark's Process fbr Softening: Hard Water. 

The patent right of this process having expired, the public are 
free to use it. 

This method of softening consists in adding lime to the hard 
water. It is only applicable to water which owes its hardness 
entirely, or chiefly, to the calcic and magnesic carbonates held in 
solution by carbonic acid (temporary hardness). Water which owes 
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its hardness to calcic or magnesic sulphate (permaneni hardness) 
cannot be thus softened ; but any water which softens on boiling 
for half an hour will be softened to an equal extent by Clark's 
process. The hard water derived from chalk, limestone, or oolite 
districts, is generally well adapted for this operation. 

To soften 700 gallons of water, about one ounce of quicklime ia 
required for each part of temporary hardness in 100,000 parts of 
water. The quantity of quicklime required is thoroughly slaked 
in a pailful of water. Stir up the milk of lime thus obtained, and 
pour it immediately into the cistern containing at least 50 gallons 
of the water to be softened, taking care to leave in the pail any 
heavy sediment that may have settled to the bottom in the few 
seconds that intervened between the stirring and pouring. Fill 
the pail again with water, and stir and pour as before. The 
remainder of the 700 gallons of water must then be added, or 
allowed to run into the cistern from the supply pipe. If the 
rush of the water does not thoroughly mix the contents of the 
cistern, this must be. accomplished by stirring with a suitable 
wooden paddle. The water will now appear very milky, owing to 
the precipitation of the chalk which it previously contained in 
solution^ together with an equal quantity of chalk which is formed 
from the quicklime added. 

After standing for three hours the water will be sufficiently clear 
to use for washing ; but to render it clear enough for drinking, at 
least twelve hours' settlement is required. This process not only 
softens water, but it removes to a great extent objectionable organic 
matter present. 

The proportion of lime to water may be more accurately adjusted 
during the running in of the hard water, by taking a little water 
from the cistern at intervals in a small white cup, and adding to it 
a drop or two of solution of nitrate of silver, which will produce a 
yellow or brownisli colouration as long as there is lime present in 
excess. As soon as this becomes very faint, and just about to 
disappear, the flow of water must be stopped. The carbonate may 
be removed by filtration in a very short time after the addition of 
lime, and on the large scale this may be done with great rapidity 
by means of a filter press, as in Porter's process. ITiis latter 
method of rapidly softening and purifying water is the invention 
of J. Henderson Porter, C.E., 1 Tudor Street, Blackfriars, 
London, whose apparatus is largely coming into use for public 
water supplies, and for softening waters used in manufacturing 
processes, and the prevention of boiler incrustations, &c The 
chief objections to the original Clark process are, the large space 
required for mixing and settling tanks, and the time required for 
subsidence of the precipitate. On the contrary, in Porter's pro- 
cess, the space occupied is small, and the clarification immediate. 
The results are admirable, and are achieved at a very moderate 
cost. 
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XETHODS OF ESTIMATIKa THE OBaANIC IMPT7BITIES IN 
WATER WITHOUT GAS APPABATT7S. 

§ 86. The foregoing methods of estimating the organic 
impurities in potable waters, though very comprehensive and trust- 
worthy, yet possess the disadvantage of occupying a good deal of 
time, and necessitate the use of a complicated and expensive set of 
apparatus, which may not always be within the reach of the 
operator. 

Nothing of a strictly reliable character as to the nature of the 
organic matter or its quantity can be gained from the use of standard 
permanganate solution as originally devised by Forschammer, and 
the same remark applies to the loss on ignition of the residue, both 
of which have been in past time largely used. 

The Forschammer or oxygen process, however, as improved by 
Lothoby, and further elaborated by Tidy, may 1x5 considered as 
worthy of considerable confidence in determining the amount of 
oi'ganic substances contained in a water. 



The Oxyfiren Prooess. 

Principle. — This process depends upon the estimation of the 
amount of oxygen required to oxidize the organic and other oxi- 
dizable matters in a known volume of water, slightly acidified with 
pure sulphuric acid. For this purpose, a standard solution of 
potassic permanganate is employed in excess. The amount of 
unchanged permanganate, after a given time, is ascertained by 
means of a solution of sodic hyposulphite, by the help of the iodine 
and starch reaction. 

Tidy and Frankland in all cases make a blank experiment 
with pure distilled water, side by side with the sample. 

Duration of experiment and temperature. — As regards the time 
during which the sample of water should be exposed to the action 
of the permanganate, authorities somewhat differ. It is manifest 
that, if the water contains certain reducing agents such as nitrites, 
ferrous salts, or sulphuretted hydrogen, an immediate reduction of 
the re-agent will occur, and Tidy is disposed to register the reduc- 
tion which occurs in three minutes, in the known absence of iron 
and sulphuretted hydrogen, as due to nitrites. The same authority 
adopts the plan of making two observations, one at the end of one 
hour and another at the end of three hours, at the ordinary 
temperature of the laboratory (say 60** Fahr. or W C). 

Frankland admits this process to be the best volumetric method 
in existence for the estimation of organic matters, but is content 
with one experiment lasting three hours (also at ordinary tempora- 
tuw). 

C (' 
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Tho Water Committee of the Society of Public Analysts of 
Great Britain and Ireland have adopted the periods of fifteen 
minutes and four hours for the duration of the experiment, at the 
fixed temperature of 80'' Fahr. or 27*^ C. 

Dupro has carried out experiments {Analyst, viL p. 1) the 
results of which are in favour of the modifications adopted by the 
Committee. The chief conclusions arrived at are — 

(1) That, practically, no decomposition of permanganate takes 
place during four hours when digested in a closed vessel at 80' 
with perfectly pure water and the usual proportion of pure 
sulphuric acid. 

By adopting the closed vessel all dust or reducing atmospheric 
influence is avoided. 

(2) The standardizing of the hyposulphite and permanganate, 
originally and from time to time, must be made in a closed vessel 
in the same manner as the analysis of a water, since it has been 
found that when the titration is made slowly in an open beaker 
less hyposulphite is required than in a stoppered bottle. This is 
probably due to a trifling loss of iodine by evaporation. 

(3) That with very pure waters no practical difieronce is pro- 
duced by a rise or fall of temperature, the same results being 
obtained at 32° F. as at 80° F. On the other hand, with polluted 
waters, the greater the organic pollution, the greater the difference 
in the amount of oxygen absorbed according to temperature. 

(4) As to time, it appears that very little difference occurs in 
good waters between three and four hours' digestion ; but with bad 
waters there is often a very considerable increase in the extra hour ; 
and thus Duprd doubts whether even four hours' digestion suffices 
for very impure waters. 

The necessary standard solutions for working the process will bo 
described further on. 

Comparison of th« Bosults of tliia ProceM with the Combiuition 
Method. — ^I cannot do better than quote Dr. Frankland's remarks 
on this subject, as contained in his treatise on Water Analysis : — 

" The objections to the oxygen process are, first, that its indica- 
tions are only comparative, and not absolute ; and, second, that its 
comparisons are only true when the organic matter compared is 
substantially identical in composition. 

'^ For many years, indeed, after this process was first introduced, 
the action of the permanganate of potash was tacitly assumed to 
extend to the complete oxidation of the organic matter in the 
water, and, therefore, the result of the experiment was generally 
stated as ' the amount of oxygen required to oxidize the organic 
matter;' whilst some chemists even employed the number sq 
obtained to calculate the actual weight of organic matter in the 
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water on the assumption that equal weights of all kinds of 
organic matter required the same weight of oxygen for their 
complete oxidation. 

" Both these assumptions have been conclusively proved to be 
entirely fallacious, for it has been experimentally demonstrated 
by operating upon known quantities of organic substances dissolved 
in water, that there is no relation either between the absolute or 
relative weight of different organic matters and the oxygen which 
such matters abstract from permanganate of potash. 

" Nevertheless, in the periodical examination of waters from the 
same source, I have noticed a remarkable parallelism between the 
proportions of organic carbon and of oxygen abstracted from per- 
manganate of potash. Thus, for many years past, I have seen in 
the monthly examination of the waters of the Thames and Lea 
supplied to London such a parallelism between the numbers given 
by Dr. Tidy, expressing 'oxygen consumed,' and those obtained 
by myself in the determination of * organic carbon.* 

''This remarkable agreement of the two processes, extending as 
it did to 1,418 out of 1,686 samples, encouraged me to hope that 
a constant multiplier might bo found, by which the 'oxygen 
consumed* of the Forschammer process could be translated into 
the * organic carbon ' of the combustion method of analysis. To 
test the possibility of such a conversion, my pupil, Mr. Woodland 
Toms made, at my suggestion, the comparative experiments re- 
corded in the following tables : — 



I.-Blver 


Water. 








Sotu-ceof Sample. 


Oxygen 
constuned. 


C 



= 


Orgimic 

carbonic 

oombustion. 


Chelsea Company's supply 


0098 X 


2-6 


__ 


0-256 


West Middlesex Co.'a „ 


0116 X 


2-5 


=1 


0291 


Tiambeth Co.'b „ 


0119 X 


2-43 


= 


0-282 


Southwark Co.'s „ 


0121 X 


2-22 


■= 


0-269 


New Eiver Co.'b „ 


0076 X 


2-4 


= 


0183 


Chelsea Co.'s second sample 


0070 X 


2-69 


= 


0188 


Ijambeth Co.'s „ 


0119 X 


1-99 


= 


0234 


New River Co.'s „ 


O107 X 


2-25 


= 


0221 



"As the result of these experiments, the average multiplier is 
2*38, and the maximum errors incurred by its use would be —0-021 
part of organic carbon in the case of the second sample of the 
Chelsea Company's water, and +0-049 part in that of the second 
sample of the Lambeth Company's water. These errors would 
practically have little or no influence upon the analyst's opinion 
of the quality of the water. It is desirable that this comparison 
should be extended to the water of other moderately polluted 
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II.~Deep Well Water. 



Source of Sample. 



Oxygen ^ C 
consumed. o 



Kent Company'fl supply 
Colne Valley Co.'s „ 
Hodgson's Brewery well 



0015 X 51 
00135 X 69 
003 X 5-3 



Organic 

carbon by 

oombuBtion. 



0077 
0094 
0158 



" The relation between * oxygen consumed ' and * organic carbon ' 
in the case of deep well waters is thus very different from that 
which obtains in the case of river waters, and the average multiplier 
deduced from the foregoing examples is 5*8, with maximum errors 
of +0-01 of organic carbon in the case of the Kent Company's 
water, and — 0*015 in that of the Colne Valley water. Such slight 
cn-oi"s arc quite unimpoi-tant 

" Similar comparative experiments made with shallow well and 
upland surface waters showed amongst themselves a wider 
divci'geiicc, but pointed to an average multiplier of 2*28 for 
shallow well water, approximately the same as that found for 
moderately polluted river water, and 1 '8 for upland surface water. 

" In the interpretation of the results obtained, either by the 
Forschammer or combustion process, the adoption of a scale of 
organic purity is often useful to the analyst, although a classification 
according to such a scale may require to be modified by considerations 
derived from the other analytical data. It is indeed necessary to 
have a separate and more liberal scale for upland surface water, the 
organic matter of which is usually of a very innocent nature, and 
derived from sources precluding its infection by zymotic poisons. 

"Subject to modification by the other analytical data, the 
following scale of classification has been suggested by Dr. Tidy 
and myself : — 

Seotion I.— T7pland SurflMe Water. 

" Class I. Water of great organic purity^ absorbing from per- 
manganate of potash not more than 0*1 part of oxygen per 
100,000 parts of water, or 07 grain per gallon. 

"Class II. Water of medium jnir it y, absorbing from 01 to 0*3 
part of oxygen per 100,000 parts of water, or 0*07 to 0*21 grain 
per gallon. 

''Class III. Water of doubtful purity, absorbing from '3 to 0-4 
part per 100,000, or 021 to 028 grain per gallon. 

" Class IV. Impure water, absorbing more than 0*4 part per 
100,000, or 0-28 grain per gallon. 
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Section II.— Water other than Upland Surftice. 

" Class I. Water of great organic purity^ absorbing from per- 
manganate of potash not more than 0*05 part of oxygen per 
100,000 parts of water, or 0*035 grain per gallon. 

" Class II. Water of medium purity^ absorbing from 0*05 to 
0*15 part of oxygen per 100,000, or 0-03o to 0*1 grain per gallon. 

''Class III. Water of douhtful purity ^ 2^yB0vhv[ig from 15 to 
0-2 part of oxygen per 100,000, or 0-1 to 0-15 grain per gallon. 

" Class IV. Impure water ^ absorbing more than 2 part of 
oxygen per 100,000, or 015 grain per gallon.** 

The Albuminoid Ammonia Process. 

Principle. — ^Wanklyn, Chapman, and Smith are the authors 
of this well-known method of estimating the quantity of nitrogenous 
organic matter in water, which depends upon the conversion of the 
nitrogen in such organic matter into ammonia, when distilled with 
an alkaline solution of potassic permanganate (7. C. 5. 1867, 
p. 591). 

The authors have given the term "Albuminoid ammonia" to 
the NK' produced from nitrogenous matter by the action of the 
permanganate, doubtless because the first experiments made in the 
process were made' with albuminous substances ; but the authors 
also proved that ammonia may be obtained in a similar way from 
a great variety of nitrogenous organic substances, such as hippuric 
acid, narcotine, strychnine, morphine, creatine, gelatine, casein, &c. 
Unfortunately, however, although the proportion of nitrogen 
yielded by any one substance when treated with boiling alkaline 
permanganate appears to be definite, yet different substances give 
different proportions of their nitrogen. Thus hippuric acid and 
narcotine yield the whole, but strychnine and morphine only one- 
half of their known proportion of nitrogen. Hence the value of the 
numerical results thus obtained depends entirely on the assumption 
that the nitrogenous organic matter in water is uniform in its 
nature^ and the authors say that in a river polluted mainly by 
sewage "the disintegrating animal refuse would be pretty fedrly 
measured by ten times the albuminoid ammonia which it yields.'* 

It is stated by the authors that the albuminoid ammonia from a 
really good drinking water should not exceed 0*008 part in 100,000. 
The average of fifteen samples of Thames water supplied to London 
by the various Water Companies in 1867 was 00089, and in five 
samples supplied by the New River Company 0-0068 part per 
100,000. 

The necessary standard solutions and directions for wording the 
process will be described fuHher on. 
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Other methods of estimating the organic conatitu/ents in Drinking 
Waters, — ^The best of these are the processes of Dittmar and 
Eobinson, and of Dupr^ and Hake; but as the results are 
mainly obtained by the balance, and not by volumetric meana, 
the reader is referred to the original papers contributed to the 
Journal of the Chemical Society. 



PBEPABATION OF THE BE-AaENTS FOB THE SANITAB7 
ANALYSIS OF WATEBS WITHOUT GAS AFPABATUS. 

The Water Committee of the Society of Public Analysts of 
Great Britain and Ireland have drawn up some very concise 
directions for the practice of water analysis for sanitary purposes, 
based upon well-known processes, the essential parts of which 
are given below. There are some slight modifications, such as the 
use of the decem or 10-grain measure instead of the grain, &c. 
The insertion here of these directions in full, or nearly so, neces- 
sarily repeats some processes which have been already described in 
§ § 83 and 84, but it avoids cross-references and at the same time 
gives some slight practical modifications which, to some operators, 
may seem desirable. The Committee recommend the results to be 
recorded in grains per imperial gallon; but whatever system of 
weights and measures the individual analyst may use, a slight calcu- 
lation will enable him to state the results in any required way. 

Be-aflrents for the Estimation of Ohlorine. 

Standard Solution of Silver Nitrate. — Dissolve 4*7887 parts of 
pure recrystallized silver nitrate in distilled water, and make the 
solution up to 1000 parts. The solution is to be standardized 
against the standard solution of sodic chloride, and adjusted if 
necessary. 1 c.c. = 0*001 gm. of chlorine, or 1 dm. = O'Ol gm, 
of chlorine. 

Standard Solution of Sodic Chloride. — Dissolve 1*648 part of 
pure dry sodic chloride in distilled water, and make the solution 
up to 1000 parts. 1 c.c. contains 001 gm. chlorine, or 1 dm. == 
0*01 gm. of chlorine. 

Potassic MonocJiromate. — 50 parts of potassic monochromate 
are dissolved in 1000 parts of distilled water. A solution of 
silver nitrate is added, until a permanent red precipitate is 
produced, which is allowed to settle. This removes any accidental 
chlorine in the salt. 

Be-aflrent for the Estimation of Phosphoric Acid. 

Molyhdic Solution. — One part pure molybdic acid is dissolved 
in 4 parts of ammonia, sp. gr. 0*960. This solution, after 
filtration, is poured with constant stirring into 15 parts of 
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nitric acid of 1*20 sp. gr. It should be kept in the dark, and 
carefully decanted from aay precipitate which may form. 



Ba-agents fbr the Efltlxnatlon of Nitrogen in Nitrates. 

Concentrated Sulphuric Acid, — In order to ensure freedom from 
oxides of nitrogen, this should be kept in a bottle containing 
mercury, and agitated from time to time, which will ensure their 
absence. 

Metallic Aluminium, — ^As thin foil. 

Solution of Sodic Hydrate, — ^Dissolve 100 parts of solid sodic 
hydrate in 1000 parts of distilled water. When cold, introduce 
a strip of about 100 square cm., say fifteen square inches, of 
aluminium foil, previously heated just short of redness, wrapped 
round a glass rod. When the aluminium is dissolved, boil the 
solution briskly in a porcelain basin until about one-third of its 
volume has been evaporated, allow it to cool, and make it up to its 
original volume with water free from ammonia. The solution must 
be tested by a blank experiment to prove the absence of nitrates. 

Broken Pumice. — Clean pumice, broken into pieces of the size 
of small peas, sifted free from dust^ heated to redness, and kept 
in a closely stoppered bottle. 

Hydrochloric Acid free from Ammonia. — If the ordinary pure 
acid is not free from ammonia, it should be distilled. As only two 
or three drops are used in each experiment, it will be sufficient if that 
quantity does not contain an appreciable proportion of ammonia. 

Copper Sulphate Solution. — Dissolve 30 parts of pure copper 
sulphate in 1000 parts of distilled water. 

Metallic Zinc. — As thin foil This should be kept in a dry 
atmosphere, so as to be preserved as far as possible from oxidation. 

Standard Solution of Ammonic Chloride (see below). 

Ne88ler*8 Solution (see below). 



B6*affent« for the Estimation of Nitroren as Ammonia and 
Albuminoid Ammonia. 

Concentrated Standard Solution of Ammonic Chloride. —Diasolye 
3* Id parts of pure ammonic chloride in 1000 parts of distilled 
water free from ammonia. 

Standard Solution of Ammonic Chloride. — Dilute the above 
with pure distilled water to 100 times its bulk. This solution is 
used for comparison in nesslerizing, and contains one part of 
ammonia (NH*) in 100,000, or i^ m.gm. in each c.c. 
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Nesaler Solution, — Dissolve 35 parts of potassic iodide in 
100 parts of water. Dissolve 17 parts of mercuric chloride in 
300 parts of water. The liquids may be heated to aid solution, 
but if so must be cooled. Add the latter solution to the former 
until a permanent precipitate is produced. Then dilute with a 
20 per cent, solution of sodic or potassic hydrate to 1000 parts ; 
add mercuric chloride solution until a permanent precipitate again 
forms ; allow to stand till settled, and decant off the clear solution. 
The bulk should be kept in an accurately stoppered bottle, and a 
quantity transferred from time to time to a small bottle for use. 
The solution improves by keeping. It will be noticed that this 
solution is only about half the strength of the one given on 
p. 326 ; of course a larger volume has to be used in testing. 

Sodic Carbonate-. — A 20 per cent, solution of recently ignited 
pure sodic carbonate. 

Alkaline Permanganate Solution, — Dissolve 200 parts of potassic 
hydrate and eight parts of pure potassic permanganate in 1100 
parts of distilled water, and boil the solution rapidly till con- 
centrated to 1000 parts. 

Distilled Water free from Ammonia (see p. 326). 

Be-affents for the Estimation of Oxygen absorbed. 

Standard Solution of Potassic Permanganate, — Dissolve 0-395 
part of pure potassic permanganate in 1000 of water. Each c.c. 
contains O'OOOl gm. of available oxygen, and each dm. contains 
0001 grn. 

Potassic Iodide Solution, — One part of the pure salt recrystallized 
from alcohol, dissolved in ten parts of distilled water. 

Dilute Sulphuric Acid, — One part by volume of pure sulphuric 
acid is mixed with three parts by volume of distilled water, and 
solution of potassic permanganate dropped in until the whole 
retains a very faint pink tint, after warming to 80* F. for four 
hours. 

Sodic Hyposulphite, — One part of crystallized sodic hyposulphite 
dissolved in 1000 parts of water. 

Starch Water. — One part of starch to be intimately mixed with 
500 parts of cold water, and the whole briskly boiled for five 
minutes, and filtered, or allowed to settle. 



Be-aflrent8 for the Estimation of Hardness. 

Concentrated Standard Solution of Calcic Cliloride, — Dissolve 
1*144 gm. of pure crystallized calc-spar in dilute hydrochloric 
acid (with the precautions given on p. 332), then dissolve in 
water, and make up to a liter. On the grain system, a solution 
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of the same strength is made by dissolving 11*44 grn. of calc- 
spar in 1000 dm. 

Standard Water of 8° Hardness, — This is made by diluting the 
foregoing concentrated solution to ten times its volume with 
freshly boiled and cooled distilled water. 

Standard Soap Solution (is made precisely as directed on p. 332). — 
It should be of such strength as just to form a permanent lather, 
when 18 c.c. or dm. measures are shaken with 100 c.c. or dm. 
of water of 8° hardness. The following table will then give the 
degrees of hardness corresponding to the number of c.c. or dm. 
measures employed. 





0.0. or dm. 

Heaniira. 

09 


Hardness. 
5» 


C.C. or dm. 
MeaBores. 

12-0 


V 


2-9 


6» 


14-0 


2" 


5 4 


7' 


16-0 


3" 


7-7 


8° 


18-0 


4» 


9-9 







After which one degree = 2 c.c. or dm. measures. This is the 
last solution recommended by Clarke, and differs slightly from 
the scale given on p. 366 ; the variation, however, is very in- 
significant, except in the two first stages of the table. 

The Analirtical Prooesses. 
Oollectlon of Samples. — ^The same as directed on p. 333. 

Appearance in Two-foot Tube. — The colour or tint of the water 
mast be - ascertained, by examination, in a tube two feet long and 
two inches in diameter. This tube should be made of glass as 
nearly colourless as may be, and should be covered at each end with 
a disc of perfectly colourless glass, cemented on, an opening being 
left for filling and emptying the tube. This opening may be made, 
either by cutting a half-segment off the glass disc at one end, or by 
cutting a small segmental section out of the tube itself, before the 
disc is cemented on. These tubes are most conveniently kept on 
hooks in a horizontal position to prevent the entrance of dust. 

The tube must be about half filled with the water to be examined, 
brought into a horizontal position level with the eye, and directed 
towards a weU-illuminated white surface. The comparison of tint 
has to be made between the lower half of the tiibe containing 
the water under examination, and the upper half containing 
atmospheric air only. 

SmeU. — Put not less than three or four ounces of the water 
into a clean eight-ounce wide^mouthed stoppered glass bottle, which 
has been previously rinsed with the same water. Insert the 
stopper, and warm the water in a water bath to 100* F. (38** C). 
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Eemove the bottle fi-om the water bath, rinse it outside with good 
water perfectly free from odour, and shake it rapidly for a few 
seconds ; remove the stopper, and immediately observe if the water 
has any smell. Insert the stopper again, and repeat this test. 

When the water has a distinct odour of any known or recognized 
polluting matter, such as peat or sewage, it should be so described ; 
when this is not the case, the smell must be reported simply as 
none, very slight, slight, or marked, as the case may be. 

Ohlorine. — Titrate at least 100 c.c. or dm. of the water with 
the standard silver nitrate solution, either in a white porcelain 
basin or in a glass vessel standing on a porcelain slab, using potassic 
chromate as an indicator. The titration is conducted as follows : — 
The sample of water is measured into the basin or beaker, and 1 c.c. 
or 1 dm. of potassic chromate solution added. The standard silver 
nitrate solution is then run in cautiously from a burette, until the 
red colour of the precipitated silver chromate, which is always 
observed at the point where the silver solution drops inj is no 
longer entirely discharged on stirring. The burette is then read off. 
It is best to repeat the experiment, as follows : — Add a few drops 
of dilute sodic chloride solution to the water last titrated, which 
will dischai-ge the red colour. Measure out a fresh portion of 
the water to be titrated into another basin, and repeat the titration, 
keeping the first sample, the colour of which has been discharged, 
side by side with the second, so as to observe the first 
permanent indication of difference of colour. If the quantity of 
chlorine be so small that still greater accuracy is necessary, the 
titration may be conducted in the same way as last described, 
but instead of the operator looking directly at the water 
containing the chromate solution, he may place between the 
basin containing the water and his eye, a flat glass cell containing 
some water tinted with the chromate solution to the same tint as 
the water which is being tested, or may look through a glass coated 
with a gelatine film coloured with the same salt (see § 40). Care 
must always be taken that the water is as nearly neutral as possible 
before titration. If originally acid, it should be neutralized with 
precipitated carbonate of lime. If the proportion of chlorine be 
less than 0*5 grain per gallon, it is desirable to take a larger 
quantity of the water, say 250 c.c. or 350 dm., for the estimation, 
and to concentrate this quantity on the water bath before titrating 
it, so as to bring it to about 100 c.c. or 150 dm. This titration may 
be performed by gas-light. 

Phosphoric Add. — The ignited total residue, obtained as hereafter 
directed, is to be treated with a few drops of nitric acid, and the 
silica rendered insoluble by evaporation to dryness. The residue 
is then taken up with a few drops of dilute nitric acid, some water 
is added, and the solution is filtered through a filter previously 
washed with dilute nitric acid. The filtrate, which should measure 
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3 C.C. (or 6 dm.), is mixed with 3 c.c. of molybdic solution, gently 
warmed, and set aside for fifteen minutes, at a temperature of 
gQo p jj^Q result is reported as "traces," " heavy traces," or "very 
heavy traces," when a colour, turbidity, or definite precipitate, are 
respectively produced, after standing for fifteen minutes. 

Nitroffen in Nitrates. — This may be determined by one of the 
following processes ; viz., Crum^ Copper-zinc, Aluminium, or 
Indigo, Analysts should report which process is employed. 

Crum Process, — ^This is described on p. 368, or it may be carried 
out in a Lunge's nitrometer (fig. 37), as follows : — 250 c.c. or dm. 
of the water must be concentrated in a basin to 2 c.c. or 3 dm. 
measure. A Lunge's nitrometer is charged with mercury, and 
the three-way stop-cock closed, both to measuring tube and waste 
pipe. The concentrated filtrate is poured into the cup at the top 
of the measuring tube, and the vessel which contained it rinsed 
with 1 c.c. of water, and the contents added. The stop-cock is 
opened to the measuring tube, and, by lowering the pressure tube, 
the liquid is sucked out of the cup into the tube. The basin is 
again rinsed with 5 c.a of pure strong sulphuric acid, and this 
is also transferred to the cup and sucked into the measuring tube. 
The stop-cock is once more closed, and 12 c.c. more sulphuric 
acid put into the cup, and the stop-cock opened to the measuring 
tube until 10 c.c of acid have passed in. The excess of acid 
is discharged, and the cup and waste pipe rinsed with water. Any 
gas which has collected in the measuring tube is expelled by 
opening the stop-cock and raising the pressure tube, taking care 
no liquid escapes. The stop-cock is closed, the measuring tube 
taken from its clamp and shidLen by bringing it slowly to a nearly 
horizontal position, and then suddenly raising it to a vertical one. 
This shaking is continued until no more gas is given ofi^, the 
operation being, as a rule, complete in fifteen minutes. Now 
prepare a mixture of one psjrt of water with five parts of sulphuric 
acid, and let it stand to cooL After an hour, pour enough 
of this mixture into the pressure tube to equal the length of the 
column of acidulated water in the working tube, bring the two 
tubes side by side, raise or lower the pressure tube until the 
mercury is of the same level in both tubes, and read off the 
volume of nitric oxide (for calculation of nitrogen, see p. 359). 
This volume, expressed in cc's and corrected to normal tempera- 
ture and pressure, gives, when multiplied by 0*175, the nitrogen in 
nitrates, in grains per gallon, if 250 c.c. of the water have been 
used. 

Coppermine Process (already described on p. 360). 

Aluminium Process. — ^This is carried out as follows : — 50 c.c. or 
100 dm. of the water are introduced into a retort, and 50 c.c. or 
100 dm. of a 10 per cent, solution of caustic soda, free from 
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nitrates, added. If necessary, the contents of the retort should bo 
distilled until the sample is free from ammonia. The retort is then 
cooled, and a piece of aluminium foil introduced into it The neck 
of the retort is inclined upwards, and its mouth closed with a perfo- 
rated cork, through which passes the narrow end of a small' chloride 
of calcium tube filled with powdered pumice or glass beads wetted 
with very dilute hydrochloric acid free from ammonia This tube 
is connected with a second tube containing pumice stone moistened 
with strong sulphuric acid, which serves to prevent any ammonia 
from the air entering the apparatus, which is allowed to stand in 
this way for a few hours or overnight. The contents of the first 
absorption tube — that next the retort — are washed into the retort 
with a little distilled water free from ammonia, and the retort 
adapted to a condenser. The contents of the retort are distilled to 
about half their original volume. The distillate is collected, and an 
aliquot part nesslerized ; and, if necessary, the rest of the distillate 
is diluted, and an aliquot part again nesslerized as hereafter 
directed. 

Indigo Process (already described on p. 215). 

Ammonia, Free and Saline. — ^The estimation of ammonia present 
in the water in a free or saline form, and of that yielded by 
the nitrogenous matter present in the water (commonly called 
albuminoid ammonia), is J}o be made on the same portion of the 
sample to be analyzed. 

Take not less than 500 c.c. or 700 dm. (one deci-gallon) of 
the water for these determinations, and distil in a 40-oz. stoppered 
retort, which is large enough to prevent the probability of portions 
of the water being spurted over into the condenser. The neck 
of the retort should be small enough to pass three or four inches 
into the internal glass tube of a Liebig's condenser. If the fit 
between the retort and the inside tube of the condenser is good, 
the joint may be made by wrapping a small piece of washed 
tinfoil round the retort tube so as to pass just inside the mouth 
of the condenser tube. Many analysts prefer, however, to work 
with a retort fitting loosely into the condenser; and, in such cases, 
the joint between the two may be made in one of the two 
following ways: — (1) Either by an ordinary india-rubber ring — 
such as those used for the top of umbrellas — which has been 
previously soaked in a dilute solution of soda or potash — ^being 
stretched over the retort tube in such a position, that when the 
retort tube is inserted in the condenser it shall fit fairly tightly 
within the mouth of the tube, about half an inch from the end ; 
(2) Preferably, when the shape of the large end of the condenser 
admits of it, by a short length, say not more than two inches, 
of large size indiarrubber tubing, which has been previously soaked 
in a dilute solution of soda or potash, being stretched outside 
both retort tube and condenser tube, so as to couple them together, 
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SO that the tube of the retort still projects some inches into that of 
the condenser. It is very desirable to have a constant stream of 
water round the condenser, whenever it can be obtained. Before 
distillation, a portion of the water must be tested with cochineal, 
in order to ascertain if it shows an alkaline reaction. The portion 
so tested must, of course, be rejected, and not put into the retort. 
If the water does not show an alkaline reaction, a sufi&cient 
quantity of ignited sodic carbonate, to render the water distinctly 
alkaline, must be added. The distillation should then be com- 
menced, and not less than 100 c.c. or 150 dm. distilled over. 
The receiver should fit closely, but not air-tight, on the condenser. 
The distillation should be conducted as rapidly as is compatible 
with a certainty that no spurting takes place. After 100 c.c. or 
150 dm. have been distilled over, the receiver should be changed, 
that containing the distillate being stoppered to preserve it from 
access of ammoniacal fumes. 100 c.c. measuring flasks make 
c(nivenient receivers. The distillation must be continued until 
50 cc, or, say 75 dm. more, are distilled over ; and this second 
portion of the distillate must be tested with Nessler's re-agent, 
to ascertain if it contains any ammonia. If it does not, the 
distillation for free ammonia may be ^ discontinued, and this last 
distillate rejected; but, if it does contain any, the distillation 
must be continued still longer, until a portion of 50 c.c, or 
75 dm., when collected, shows no colouration with the Nessler 
test. The whole of the distillates must be nesslerized as 
follows : — The standard solution of ammonia for comparison is 
that given on p. 391. The distillate is transferred to a clean 
Nessler glass, and one-twentieth of its volume of Nessler 
solution added. No turbidity must ensue on the addition of 
the Nessler solution to the water, as such turbidity would be 
a proof that the distillate was contaminated, and must, therefore 
be rejected, and the determination repeated. 

After thoroughly mixing the water and Nessler solution in the 
glass, an approximate estimate can be formed of the amount of 
ammonia present, by the amount of coloration produced in the 
solution. It will now be necessary to mix one or more standard 
solutions with which to compare the tint thus obtained. These 
solutions must be made by mixing the standard solution of 
ammonic chloride with distilled water absolutely free from 
ammonia, and subsequently adding some of the same JN'essler 
solution as was previously added to the distillate. This precaution 
is essential, because the tint given by different samples of Nessler 
solution varies. The colorimeter may be used, if preferred, instead 
of Nessler glasses. 

Albuxoinoid Ammonia. — As soon as the distillation of the free 
ammonia has been started, the alkaline solution of permanganate 
should bo measured out into a flask, ready for addition to the water 
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under examination, for the distillation of the albuminoid ammonia. 
The volume of the alkaline permanganate solution to be taken 
must be at least one-tenth of that of the water which is being 
distilled ; and should not exceed that proportion unless the water 
is of very bad quality, and the solution must be made in accordanco 
with the directions contained in these instructions. This solution 
must be diluted with four times its own volume of water, and 
must be placed in a flask and boiled during the whole time 
that the distillation of the sample for free ammonia is being 
carried on, care being taken that the concentration does not proceed 
to too great an extent. There must be enough of this boiled and 
diluted alkaline permanganate solution to make up the residue in 
the retort to about 500 c.c. or 700 dm. When the distillation 
of the sample of water for free and saline ammonia is completed, 
the alkaline permanganate solution, which has been thus diluted 
and boiled, wUl be ready for use, and the distillation for albuminoid 
ammonia may be proceeded with, as follows : — 

To the residue left in the retort from which the free ammonia 
has been distilled, add the alkaline permanganate solution to make 
it up again to a volume of at least 500 cc, or say 700 dm., and 
the lamp being replaced, the distillation must be continued, and 
successive portions of the distillate again collected in precisely the 
same way as during the process of distillation for free ammonia. 

After 200 c.c. or 300 dm., say two-fifths of the volume contained 
in the retort, have been distilled over, the receiver should bo 
changed, and further portions of 60 cc. or 70 dm., collected 
separately, until the distillate is practically free from ammonia. 
The distillates must then be mixed, and nesslerized in the same 
way as previously directed for free ammonia. The result so 
obtained must be calculated to ammonia in grams per liter or 
grains per gallon, and returned as albuminoid ammonia. 

Special care must be taken that the atmosphere of the room 
in which these distillations are performed is kept free from 
ammoniacal vapours, and that the receivers fit dose, but not 
air-tight, to the end of the Liebig's condenser. It is also 
specially necessary to observe that the colour of the distillate 
deepens gradually after the addition of the Kessler re-agent, 
and that it is not possible to read off the amount of colour 
correctly until the nesslerized liquor has stood for at least three 
minutes, and been intimately mixed with the ^N^esslor solution. 

Special care must be taken that the retort, condensers, receivers, 
funnels, Nessler glasses, &c., used are all rendered perfectly 
free from ammonia before use. Where the water in use in the 
laboratory is good, this may be used to thoroughly rinse the 
apparatus two or three times, draining out the adhering water; 
otherwise pure distilled wat^r must be used. These ammonia and 
albuminoid ammonia determinations should be made as soon as 
possible after the water has been received for analysis. 
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Oacyflren Absorbed. — Two separate determinations have to bo 
made, viz., the amount of oxygen absorbed during fifteen minutes, 
and that absorbed during four hours. Both are to be made at a 
temperature of 80** F. (27° C). It is most convenient to make these 
determinations in 12-oz. stoppered flasks, which have been rinsed 
with sulphuric acid and then with water. Put 250 c.c. or dm. into 
each flask, which must be stoppered and immersed in a water bath 
or suitable air-bath until the temperature rises to 80° F. Now add 
to each flask 10 c.c. or 10 dm. of the dilute sulphuric acid, and 
then 10 c.c. or 10 dm. of the standard permanganate solution. 
Fifteen minutes after the addition of the permanganate, one of the 
flasks must be removed from the bath and two or three drops of 
the solution of potassic iodide added to remove the pink colour. 
After thorough admixture, run from a burette the standard solution 
of hyposulphite, until the yellow colour is nearly destroyed, then 
add a few drops of starch water, and continue the addition of the 
hyposulphite until the blue colour is just discharged. If the 
titration has been properly conducted, the addition of one drop of 
permanganate will restore the blue colour. At the end of four 
hours remove the other flask, add potassic iodide, and titrate with 
hyposulphite, as just described. Should the pink colour of the 
water in the flask diminish rapidly during the four hours, further 
measured quantities of the standard solution of permanganate must 
be added ^m time to time so as to keep it markedly pink. 

The hyposulphite solution must bo standardized, not only at first, 
but (since it is liable to change) from time to time in the following 
way: — ^To 250 c.c. or dm. of pure redistilled water add two or 
three drops of the solution of potassic iodide, and then 10 c.c. or 
dm. of the standardized solution of permanganate. Titrate with 
the hyposulphite solution as above described. The quantity used 
will be the amount of hyposulphite solution correspondiug to 10 o.c. 
or 10 dm., as may be, of the standardized permanganate, and the 
factor so found must be used in calculating the results of the hypo- 
sulphite titrations io show the amount of the standard permanganate 
solution used, and thence the amount of oxygen absorbed. 

Great care should be taken that absolutely pure and &esh 
distilled water is used in standardizing the solution, which should 
also be kept in the dark and cooL It suffices to compare the 
solution, if kept in this way, once in three or four days. 

The amount of hyposulphite solution thus found to be required 
to combine with the iodine liberated by the permanganate left un* 
decomposed in the water is noted down, and the calculation made as 
follows : — ^Let A=amount of hyposulphite used in distilled water, 
and Bssthat used for water under examination. Then A expresses 
the amount of permanganate added to the water under examina- 
tion, and B the amount of permanganate in excess of that which 
the organic matter in the water has destroyed. Tlierefore A— B is 
the amount actually consumed. If the amount of available oxygen 
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in the quantity of permanganate originally added be a, tbc oxygen 
required to oxidize the organic matter in the water operated on 

would be - — X — • ^ut a (available oxygen in the 10 c.c. of 

X J , ,v .^/^^. mi i. A— B X O'OOl 

standard permanganate used) =0-001 gm. Therefore jr 

r oi./^ A— BxO-4 ^ ^ 
= oxygen for 260 c.c. ; or, -r =part8 of oxygen required 

for 1 00,000 parts of water. Or, in other words, the difference between 
the quantity of hyposulphite used in the blank experiment and 
that used in the titration of the samples of water multiplied by the 
amount of available oxygen contained in the permanganate added, 
and the product divided by the volume of hyposulphite corres- 
ponding to the latter, is equal to the amount of oxygen absorbed by 
the water. 

Hardness before and after Boiling. — Place 100 C.C. or 100 dm. 
of the water in an accurately stoppered 8-oz, flask. Run in the soap 
solution from a burette in small quantities at a time. If the water 
be soft, not more than 1 c.c. or dm. at a time ; if hard, in larger 
quantities at iirst. After each addition, shake the flask vigorously 
for about a quarter of a minute. As soon as a lather is produced, 
lay the flask on its side after each addition, and observe if the 
lather remains permanent for five minutes. To ascertain this, at 
the end of five minutes roll the flask half-way round ; if the lather 
breaks instead of covering the whole surface of the water, it is not 
permanent ; if it still covevs the whole surface it is permanent : 
now read the burette. 

Eepeat the experiment, adding gradually the quantity of soap 
solution employed in the first experiment, less about 2 c.c. or 2 dm.; 
shake as before, add soap solution very gradually till the permanent 
lather is formed : read the burette, and take out the corresponding 
hardness from the table. If magnesian salts are present in the 
water the character of the lather will be very much modified, and a 
kind of scum (simulating a lather) will be seen in the water before 
the reaction is completed. The character of this scum must be 
carefully watched, and the soap test added more carefully, with an 
increased amount of shaking between each addition. With this 
precaution it will be comparatively easy to distinguish the point 
when the false lather due to the magnesian salts ceases, and the 
true persistent lather is produced. 

If the water is of more than 16" of hardness, mix 60 cc. or dm. 
of the sample with an equal volume of recently boiled distilled 
water which has been cooled in a closed vessel, and make the deter- 
mination on this mixture of the sample and distilled water. In 
this case it will, of course, bo necessary to multiply the figures 
obtained from the table by 2. 

To determine the hardness after boilinjr, boil a measured. quantity 
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of the water in a flask briskly for half an hour, adding distilled 
water from time to time to make up for loss by evaporation. It is 
not desirable to boil the water under a vertical condenser, as the 
dissolved carbonic acid is not so freely liberated. At the end of 
half an hour, allow the water to cool, the mouth of the flask being 
closed; make the water up to its original volume with recently 
boiled distilled water, and, if possible, decant the quantity necessary 
for testing. If this cannot be done quite clear, it Tuust be filtered. 
Conduct the test in the same manner as desciibed above. 

The hardness is to be returned in each case to the nearest half- 
degree. 

Total Solid Matters. — Evaporate 250 c.c, or ^'^th of a gallon, in 
a weighed platinum dish on a water bath; dry the residue at 
220" F. (104" C), and cool under a dessicator. Weigh the dish con- 
taining the residue accurately, and note its colour and appearance, 
aud especially whether it rapidly increases in weight. Eeturn to the 
water bath for half an hour and re-weigh until it ceases to lose 
weight, then gradually heat it to redness, and note the changes 
which take place during this ignition. Especially among these 
changes should be observed the smell, scintillation, change of 
colour, separation of more or less carbon, aiid partial fusion, if any. 
The ignited residue is to bo used for the estimation of phosphoric 
acid, as before directed. 

Mlcrosoopioal Examination of Deposit. — The most convenient 
plan of collecting the deposit is to place a circular microscopical cover- 
ing glass at the bottom of a large conical glass holding about 20 oz. 
The glass should have no spout, and should be ground smooth on 
the top. After shaking up the sample, this vessel is filled with the 
water, covered with a plate of ground glass and set aside to settle. 
After settling, the supernatant water is drawn off by a fine syphon, 
and the glass bearing the deposit lifted out, either by means of a 
platinum wire (which should have been previously passed under it), 
or in some other convenient way, aud inverted on to an ordinary 
microscopical slide for examination. It is desirable to examine the 
deposit first by a |th and then by a ^th objective. The examina- 
tion should be made as soon as the water has stood overnight. If 
the water be allowed to stand longer, organisms peculiar to stagnant 
water may be developed and mislead the observer. Particular 
notice should be taken of bacteria, infusoria, ciliata or fiagellata, 
disintegrated fibres of cotton, or linen, or epithelial debris. 

It is particularly desirable to report clearly on this microscopical 
examination; not merely giving the general fact that organisms 
were present, but stating as specifically as possible the names or 
classes of the organisms, so that more data may be obtained for the 
application of the examination of this deposit to the characters of 
iwtable waters. 

I) I) 
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It is also desirable to examine the residue left on a glass slide by 
the evaporation of a single drop of the water. This residue is 
generally most conveniently examined without a covering glass. 
The special appearances to be noticed are the presence or absence of 
particles of organic matter, or organized structure, contained in the 
crystallized forms which may be seen ; and also whether any part 
of the residue left, especially at the edges, is tinted more or 
less with green, brown, or yellow. 

In connection with the microscopical examination it may be 
desirable to adopt Heisch's sugar process, as follows : — 

Suffar Test. — The name of this process .^relates simply to the 
re agent which is used ; namely, pure crystallized sugar. It is 
believed to be a test for the presence of the germs or spores of the 
sewage fungus. This special form of fungus grows very rapidly in 
water containing even a small admixture of sewage water, especially 
if sugar be present. It grows as well in a closed bottle of the 
liquid being tested, as in water exposed to the air, and even better 
in an atmosphere of carbonic acid. 

To apply the test : — Take a 5-oz. stoppered flask which has been 
thoroughly cleaned and rinsed with the water to be tested. Fill 
with the water to be examined, add about 10 gm,, or say, 0*5 gm. 
of crystals of pure sugar, insert the stopper, and put the flask in 
a good light ; keep it at a temperature of as nearly as possible 
80" F. (27" C). The water should be free from suspended matters 
before the experiment is made. 

The flask must be carefully examined after two or three hours, 
and again if necessary at intervals. The fungus appears first in the 
form of minute floating white specks, which are generally easily 
visible to the naked eye in a good side-light when the flask is 
looked at against a black background. A pocket lens may some- 
times be used with advantage. 

If any suspected speck is seen it must be caught by a fine pipette 
and transferred to a glass slide, covered, and examined with a ^th 
objective. 

When first seen, these specks are found to consist of small isolated 
cells with a bright nucleus. In the second stage the form i^esemblcs 
a bunch of grapes. The bright nucleus is still seen. This second 
stage generally takes not more than four to six hours for full 
development. A few hours after the second stage has become clear, 
the cells assume the form of moniliform threads. After this they 
assume the form of ordinary mycelium, with sparsely diff'used cells. 
Finally the cells disappear and leave only ordinary mycelium. 

When the proportion of sewage is large, it is often accompanied 
by a distinct smell of butyric acid. 

A few experiments on mixtures of small proportions of sewage 
matter with water will give sufficient data to enable this peculiar 
fungus to be readily recognized. 
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VOLUMETRIC ANALYSIS OF GASES. 
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Description of the neoesBary Appairattis, with Inatraotions for 
Preparing, Etohlnff, Oraduatinff, &o. 

§ 87. This branch of chemical analysis, on account of its 
extreme accuracy, and in consequence of the possibility of its 
application to the analysis of carbonates, and of many other bodies 
from which gases may be obtained, deserves more attention than 
it has generally received, in this country at least. It will, 
therefore, be advisable to devote some considerable space to the 
consideration of the subject. 

For an historical sketch of the progress of gas analysis, the 
reader is referred- to Dr. Frankland's article in the 
HandtPorterbucJi der Chemie^ and more complete details 
of the process than it will be necessary to give hero will 
bo found in that article ; also in Buns en's Gasometnj, 
and in Dr. IvusseU's contributions to Watt's Chemical 
Dictionary, 

The apparatus employed by Buns en, who was the first 
successfully to work out the processes of gas analysis, is very 
simple. Two tubes, the absorption tube and the eudio- 
meter, are used, in which the measurement and analysis 
of the gases are performed. The first of these tubes is 
about 250 m.m. long and 20 m.m. in diameter, closed at 
one end, and with a lip at one side of the open extremity, 
to facilitate the transference of the gas from the absorption 
tube (fig. 50) to the eudiometer (fig. 51). The eudiometer 
has a length of from 500 to 800 m.m., and a diameter 
of 20 m.m. Into the closed end two platinum wires are 
sealed, so as to enable the operator to pass an electric 
spark through any gas which the tube may contain. 
The mode of sealing in the platinum wires is as follows : — 
When the end of the tube is closed, and while still hot, 
a finely pointed blowpipe flame is directed against the 
side of the tube at the base of the hemispherical end. 
When the glass is soft, a piece of white-hot platinum wire is 
pressed against it and rapidly drawn away. By this means a 
small conical tube is produced. This operation is then repeated 
on the opposite side (fig. 52). One of the conical tubes is next 
cut off near to the eudiometer, so as to leave a small orifice (fig. 53), 
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through which a piece of the moderately thin platiimm wire, reaching 
about two-thirds across the tube, is passed. The fine blowpipe flame 
is now brought to play on the wire at the point where it enters the 
tube ; the glass rapidly fuses round the wire, making a perfectly 
gas-tight joint. If it should be observed that the tube 
has any tendency to collapse during the heating, it will 
be necessary to blow gently into the open end of the tube. 
This may be conveniently done by means of a long piece 
of caoutchouc connector, attached to the eudiometer, 
which enables the operator to watch the effect of the 
blowing more easily than if the mouth were applied 
directly to the tube. When a perfect fusion of the glass 
round the wire has been effected, the point on the opposite 
side is cut off, and a second wire sealed in in th^ same 
manner (fig. 54). The end of the tube must be allowed 
to cool very slowly; if proper attention is not paid to 
this, fracture is very liable to ensue. When perfectly 
cold, a piece of wood with a rounded end is passed 
up the eudiometer, arid the two wires carefully pressed 
against the end of the tube, so as to lie in contact with 
the glass, with a space of 1 or 2 m.m. between their 
points (fig. 55). It is for this purpose that the wires, 
when sealed in, are made to reach so far across the tube. 
The ends of tha wires projecting outside the tube are 
then bent into loops. These loops must be carefully 
treated, for if frequently bent they are very apt to break 
off close to the glass ; besides this, the bending of the 
wire sometimes causes a minute crack in the glass, which 
may spread and endanger the safety of the tube. These 
difficulties may be overcome by cutting off the wire close 
to the glass, and carefully smoothing the ends by rubbing 
them with a piece of ground glass until they are level 
with the surface of the tube (fig. 56). In order to make 
contact with the induction coil, a wooden American paper- 
clip, lined with platinum foil, is made to grasp the tube ; 
the foil is connected with two strong loops of platinum 
wire, and to these the wires from the coil are attached 
(fig. 57). In this way no strain is put on the eudiometer 
wires by the weight of the wires from the coil, and 
perfect contact is ensured between the foil and platinum 
wires. It is also easy to clean the outside of the 
eudiometer without fear of injuring the instrument. 

It will now be necessary to examine if the glass is per- 
fectly fused to the wirea For this purpose the eudiometer Fig. 51. 
is filled with mercury, and inverted in the trough. If the 
tube has 800 m.m. divisions, a vacuous space will bo formed in the 
upper end. Kote the height of the mercury, and if this remains 
constant for a while the wires are properly sealed. Should the 
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eudiometer be short, hold it in the hands, and bring it down with 
a. quick movement upon the edge of the india-rubber cushion at 
the bottom of the trough, taking care that the force of impact 
is slight, else the mercury may fracture the sealed end of the 
tube. By jerking the eudiometer thus, a momentary vacuum is 
formed, and if there is any leakage, small bubbles of air will 
arise from the junction of the wires with the glass. 



Pig. 62. 



Fig. 53. 







Fig. 54. 



Fig. 65. 





Fig. 56. 



Fig. 57. 



The tubes are graduated by the following processes*: — ^A cork 
is fitted into the end of the tube, and a piece of stick, a file, or 
anything that will make a convenient handle, is thrust into the 
cork. The tube is heated over a charcoal fire or combustion furnace, 
and coated with melted wax by means of a cameFs-hair brush. 
Sometimes a few drops of turpentine are mixed with the wax to 
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render it loss brittle, but tbis 
cooling it should be found that 
the layer of wax is not uniform, 
the tube may be placed in a 
perpendicular position before a 
fire and slowly rotated so as to 
heat it evenly. The wax will 
then be evenly distributed on 
the surface of the glass, the 
excess flowing oflf. The tube 
must not be raised to too high 
a temperature, or the wax may 
become too thin ; but all thick 
masses should be avoided, as 
they may prove troublesome in 
the subsequent operation. 

The best and most accurate 
mode of marking the millimeter 
divisions on the wax is by a 
graduating machine; but the 
more usual process is to copy 
the graduations from another 
tube in the following manner. 
A hard glass tube, on which 
millimeter divisions have al- 
ready been deeply etched, is 
fixed in a groove in the gra- 
duating table, a straight-edge 
of brass being screwed down 
on the tube and covering the 
ends of the lines. The standard 
tube is shown in the figure at 
the right-hand end of the 
apparatus (fig. 58). The 
waxed tube is secured at the 
other end of the same groove, 
and above it are fixed two 
brass plates, one with a straight- 
edge, and the other with 
notches at intervals of 5 m.m., 
the alternate notches being 
longer than the intermediate 
ones (fig. p9). A stout rod of 
wood, provided with a sharp 
steel point near one end,^and a 
penknife blade at the; other 
(fig. 60), is held so that the 
steel point rests in one of the 
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divisions of the graduated tube, being gently pressed at the same 
time against the edge of the brass plate ; the point of the knife- 
blade is then moved by the operator's right hand across the portion 
of the waxed tube which lies exposed between the two .brass plates. 
When the line has been scratched on the wax, the point is moved 
along the tube until it falls into the next division ; another line is 
now scratched on the wax, and so on. At every fifth division the 
knife-blade will enter the notches in the brass plate, making a 
longer line on the tube. After a little practice it wiU be found 
easy to do fifty or sixty divisions in a minute, and with perfect 
regularity. Before the tube is removed from the apparatus, it must 
be carefully examined to see if any mistake has been made. It 
may have happened that during the graduation the steel point 
slipped out of one of the divisions in the standard tube; if 
this has taken place, it will be found that the distance between 
the line made at that time and those on each side of it will 
not bo equal, or a crooked or double line may have been produced. 
This is easily obliterated by touching the wax with a piece of heated 
platinum wire, after which another line is marked. The tube is 
now taken out of the table, and once more examined. If any 
portions of wax have been scraped off by the edges of the apparatus. 




Fig. 61. 

or by the screws, the coating must be repaired with the hot 
platinum wire. Numbers have next to be marked opposite each 
tenth division, beginning from the closed end of the tube, the 
first division, which should be about 10 m.m. from the end, being 
marked 10 (see fig. 55). The figures may be well made with a 
steel pen. This has the advantage of producing a double line 
when the nib is pressed against the tube in making a down-stroke. 
The date, the name of the maker of the tube, or-its number, 
may now be written on the tube. 

The etching by gaseous hydrofluoric acid is performed by 
supporting the tube by two pieces of wire over a long narrow 
leaden trough containing sulphuric acid and powdered fluor-spar 
(fig. 61), and the whole covered with a cloth or sheet of paper. 
Of course it is necessary to leave the cork in the end of the tube 
to prevent the access of hydrofluoric acid to the interior, which 
might cause the tube to lose its transparency to a considerable 
extent. The time required for the action of the gas varies with 
the kind of glass employed. With ordinary flint glass from ten 
minutes to half an hour is quite sufficient ; if the leaden trough is 
heated, the action may take place even stiU more rapidly. The 
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tube IB removed from time to time, and a small portion of the 
wax scraped off from a part of one of the lines ; and if the division 
can be felt with the finger-naU or the point of a knife, the 
operation is finished ; if not, the wax must be replaced, and the 
tube restored to the trough. When sufEciently etched the tube 
is washed with water, heated before a fire, and the wax wiped 
off with a warm cloth. 

The etching may also be effected with liquid hydrofluoric acid, 
by applying it to the divisions on the waxed tube with a brush, 
or by placing the eudiometer in a gutta-percha tube closed at one 
end, and containing some of the liquid. 




Fig. 62. 



As all glass tubes are liable to certain irregularities of diameter, 
it follows that equal lengths of a graduated glass tube will not 
contain exactly equal volumes ; hence it is, of course, impossible to 
obtain by measurement of length the capacity of the closed end 
of the tube. 

In order to provide for this, the tube must be carefully calibrated. 
For this purpose it is supported vertically (fig. 62), and successive 
quantities of mercury poured in from a measure. This measure 
should contain about as much mercury as ten or twenty divisions 
of the eudiometer, and is made of a piece of thick glass tube, 
closed at one end, and with the edges of the open end ground 
perfectly flat. The tube is fixed into a piece of wood in order to 
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avoid heating its contents during the manipulation. The measure 
may be filled with mercury from a vessel closed with a stop-cock 
terminating in a narrow vertical tube, which is passed to the 
bottom of the measure (fig. 63). On carefully opening the stop- 
cock the mercury flows into the measure without leaving any air- 
bubbles adhering to the sides. A glass plate is now pressed on the 
ground edges of the tube, which expels the excess of mercury and 
leaves the measure entirely filled. The mercury may be introduced 
into the measure in a manner which is simpler and as effectual, 
though perhaps not quite so convenient, by first closing it with a 
glass plate, and depressing it in the mercurial trough, removing the 
plate from the tube, and again replacing it before raising the 
measure above the surface of the mercury. After pouring each 
measured quantity of mercury into the eudiometer, the air-bubbles 
are carefully detached from the sides by means of a thin wooden 
rod or piece of whalebone, and the level of the mercury at the 
highest part of the curved surface carefully observed. 

In aU measurements 
in gas analysis it is, of 
course, essential that the 
eye should be exactly on 
a level with the surface 
of the mercury, for the 
parallax ensuing if this 
were not the case would 
produce grave errors 
in the I'eadinga The 
placing of the eye in the 
proper position may be 
ensured in two ways. A 
small piece of looking- 
glass (the back of which 
is painted, or covered 
with paper to prevent the 
accidental soiling of the 
mercury in the trough) is *^' 

placed behind, and in contact with the eudiometer. The head is now 
placed in such a position that the reflection of the pupil of the eye 
is precisely on a level with the surface of the mercury in the tube, 
and the measurement made. As this process necessitates the hand 
of the operator being placed near the eudiometer, which might 
cause the warming of the tube, it is preferable to read off with a 
telescope placed at a distance of from two to six feet from the 
eudiometer. The telescope is fixed on a stand in a horizontal 
position, and the support is made to slide on a vertical rod. The 
image of the surface of the mercury is brought to the centre of the 
field of the telescope, indicated by the cross wires in the eye-piece, 
and the reading taken. The telescope has the advantac^o of 
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magnifying the graduations, and thus facilitating the estimation 
hy the eye of tenths of the divisions. Fig. 64 lepiesents the 
appearance of the tube and mercury as seen by an inverting 
telescope. 

By this method the capacity of the tube at different parts of its 
length is determined. If the tube were of uniform bore, each 
measure of mercury would occupy the same length in the tube ; but 
as this is never the case, the value of the divisions at all parts of 
the tube will not be found to be the sama 

From the data obtained by measuring the space in the tube which 
is occupied by equal volumes of mercury, a table is constructed by 
which the comparative values of each millimeter of the tube can 
be found. The following results were obtained in the calibration 
of a short absorption eudiometer : — 

On the introdnotion of the 8rd ▼olnm« of mwcnrj, the reftding wee 19*8 m.]n. 

f* ft M Jth „ „ 18'4 

o »> »» 5th ,, ,, 24*0 

.. 8th .. „ 296 

» nh „ „ 35*2 

» 8th „ „ 41-0 

Thni, tb« fttodftrd rolaiDM ocoupied 5*6 m.m., between 12*8 and 18*4 

II .1 ,. 5-8 ., 24-0 „ 29-8 

5*4 ,; 29-8 „ 35*2 

„ „ „ 58 „ 35*2 „ 41-0 

If we assume the measure of mercury to contain 5*8 volumes 
(the greatest differoace between two consecutive readings on the 
tqbe), the volume at the six points above given will be as follows : — 

At 12-8 it will be 174 or 58 x 3 



18-4 




28-2 „ 6-8 X 4 


24 




29-0 „ 5-8x5 


29-8 




34-8 „ 6-8 X 6 


35-2 




40-6 „ 5-8 X 7 


41-0 




46-4 „ 5-8 X 8 



Between the first and second readings these 5*8 volumes are con- 
tained in 5*6 divisions, consequently each millimeter corresponds to 

K 'ft 

K-fi = 1 -0357 vol. This is also the value of the divisions between the 

second and third readings. Between the third and fourth 1 m.m. 
contains 1 vol. ; between the fourth and fifth, 1 m.m. contains 

^-r=sl'0741 vol. : and between the fifth and sixth m.m.=l vol. 

From these data the value of each millimeter on the tube can 
readily be calculated. Thus 13 will cpntain the value of 12*8 + 
the value of 0"2 of a division at this part of the tube, or 17*4 + 
(1-0357 X 0-2) = 17-60714. There is, however, no need to go 
beyond the pecond place of decimals, aud, for all practical purposes, 
the first place is sufficient Thus, by adding or subtracting the 
necessary volumes from the experimental numbers, we find the 
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values of the divisions nearest to the six points, at which the 
readings were taken, to be — 

13 = 17-61 or 17-6 



18 = 22-79 
24=29-00 
30 = 35-00 
36 = 40-38 
41 = 46-40 



22-8 
29-0 
36-0 
40-4 
46-4 



In a preciBely similar manner the values of the intermediate 
divisions are calculated, and we thus obtain the following table : — 



I 


Values. 


1 


Value*. 


1 


Values. 


10 


14-50 


14-5 


21 


25-89 


25-9 


32 


37-16 


37-1 


11 


16-54 


15-5 


22 


26-93 


26-9 


33 


38-22 


38-2 


12 


16-67 


16-6 


23 


27-96 


28-0 


34 


39-30 


39-3 


13 


17-61 


17-6 


24 


29-00 


29-0 


35 


40-38 


40-4 


14 


18-65 


18-6 


25 


30-00 


30-0 


36 


41-40 


41-4 


15 


19-68 


19-7 


26 


31-00 


31-0 


37 


42-40 


42-4 


16 


20-71 


20-7 


27 


32-00 


32-0 


38 


43-40 


43-4 


17 


21-75 


21-8 


28 


33-00 


33-0 


39 


44-40 


44-4 


18 


22-79 


22-8 


29 


34-00 


34-0 


40 


45-40 


45-4 


19 


23-82 


23-8 


30 


35-00 


35-0 


41 


46-40 


46-4 


20 


24-86 


24-9 

• 


31 


36-07 


36-1 


&c 


&c 


&c. 



If it be desired to obtain the capacity of the tube in cubic 
centimeters, it is only necessary to determine the weight of the 
quantity of mercury the measure delivers, and the temperature at 
which the calibration was made, and to calculate the contents by 
the following formula : — 

^x (1 + 0-00018150 
13'596V 



C = ^ 



in which g represents the weight of the mercury contained in 
the measure, t the temperature at which the calibration is made, 
0001 81 5 being the coefficient of expansion of mercury for each 
degree centigrade, V the volume read off in the eudiometer, and C 
the number of cubic centimeters required. 

A correction has to be made to every number in the table on 
account of the surface of the mercury assuming a convex form in 
the tube. During the calibration, the convexity of the mercury is 
turned towards the open end of the tube (fig. 65), whilst in the 
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measurement of a gas the convexity will be in the opposite direction 
(fig. 66). It is obvious that the quantity of mercury measured 
during the calibration, while the eudiometer is inverted, will be 
less than a volume of gas contained in the tube when the mercury 
stands at the same division, while the eudiometer is erect. The 
necessary amount of. correction is determined by observing the 
position of the top of the meniscus, and then introducing a few 
drops of a solution of corrosive sublimate, which will immediately 
cause the surface of the mercury to become horizontal (fig. 67), and 
again measuring. 

It will be observed that in fig. 66 the top of the meniscus was 
at the division 39, whereas in fig. 67, after the addition of corrosive 
sublimate, the horizontal surface of the mercury stands at 38*7, 
giving a depression of 0*3 m.m. If the tube were now placed 
erect, and gas introduced so that the top of the meniscus was at 






• Fi^r. 6r». 



Fig. 66. 



Fig. 67. 



39, and if it were now possible to overcome the capillarity, the 
horizontal surface would stand at 39 '3. The small cylinder of gas 
between 38*7 and 39-3, or 0*6 division, would thus escape 
measurement. This number 0*6 is therefore called the error of 
memscusy and must be added to all readings of gas in the eudio- 
meter. The difference, therefore, between the two readings is 
multiplied by two, and the volume represented by the product 
obtained — the enw* of meniscus — is added to the measurements 
before finding the corresponding capacities by the table. In the 
case of the tube, of which the calibration is given above, the 
difference between the two readings was 0*4 m.m., making the 
error of meniscus 0*8. 

All experiments on gas analysis, with the apparatus described, 

* In these the mercnry should just touch 39. 
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should be conducted in a room set apart for the purpose, with the 
window facing the north, so that the sun's rays cannot penetrate 
into it, and carefully protected from flues or any source of heat 
which might cause a change of temperature of the atmosphere. 
The mercury employed should be purified, as far as possible, from 
lead and tin, which may be done 
by leaving it in contact with dilute 
nitric acid in a shallow vessel for 
some time, or by keeping it when 
out of use under concentrated 
sulphuric acid, to which some mer- 
curous sulphate has been added. 
This mercury reservoir may con- 
veniently be made of a glass globe 
with a neck at the top and a 
stop-cock at the bottom (fig. 68), 
and which is not filled more than 
one-half, so as to maintain as large 
a surface as possible in contact 
with the sulphuric acid. Any 
foreign metals (with the exception 
of silver, gold, and platinum) 
which may be present are removed 
by the mercurous sulphate, an 
equivalent quantity of mercury 
being precipitated. This process, 
which was originated by M. 
Deville, has been in use for 
many years with very satisfactory 
results, the mercury being always 
clean and dry when drawn from 
the stop-cock at the bottom of the 
globe. The mouth of the globe 
should be kept close to prevent 
the absorption of water by the 
sulphuric acid. 

In all cases, where practicable, 
gases should be measured when 
completely saturated with aqueous 
vapour : to ensure this, the top 
of the eudiometer and absorption 
tubes should be moistened before 
the introduction of the mercury. 
This may be done by dipping the end of a piece of iron wire into 
water, and touching the interior of the closed extremity of the tube 
with the point of the wire. 

In filling the eudiometer, the greatest care must of course be 
taken to exclude all air-bubbles from the tubes. This may be 




Fig. 68. 
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effected in several ways : the eudiometer may be held in an inverted or 
inclined position, and the mercury introduced through a narrow glass 
tube which passes to the end of the eudiometer and communicates, 
with the intervention of a stop-cock, with a reservoir of mercury 
(fig. 69). On carefully opening the stop-cock, the mercury slowly 
flows into the eudiometer, entirely displacing the air. The same result 
may be obtained by placing the eudiometer nearly in a horizontal 
position, and carefully introducing the mercury from a test-tube 
^without a rim (fig. 70). Any minute bubbles adhering to the side 
may generally be removed by closing the mouth of \he tube with 
the thumb, and allowing a small air-bubble to rise in the tube, 
and thus to wash it out. After filling the eudiometer entirely 
with mercury, and inverting it over the trough, it will generally be 
found that the air-bubbles have been removed. 

For the introduction of the gases, the eudiometer should be 
placed in a slightly inclined position, being held by a support 
attached to the mercurial trough (fig. 71), and the gas transferred 




Fig. 69. 

from the tube in which it has been collected. The eudiometer is 
now put in an absolutely vertical position, determined by a 
plumb-line placed near it, and a thermometer suspended in close 
proximity. It must then be left for at least half an hour, no one 
being allowed to enter the room in the meantime. After the 
expiration of this period, the operator enters the room, and, by 
means of the telescope placed several feet from the mercury table, 
carefully observes the height of the mercury in the tube, estunating 
the tenths of a division with the eye, which can readily be done 
after a little practice. He next reads the thermometer with the 
telescope, and finally the height of the mercury in the trough is 
read off on the tube, for which purpose the trough must have 
glass sides. The difference between these two numbers is the 
length of the column of mercury in the eudiometer, and has to 
be subtracted from the reading of the barometer. It only remains 
to take the height of the barometer. The most convenient form 
of instrument for gas analysis is the syphon barometer, with the 
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divisions etched on the tube. This is placed on the mercury table, 
so that it may be read by the telescope immediately after the 
measurements in the eudiometer. There are two methods of 
niuubering the divisions on the barometer : in one the zero point 
is at or near the bend of the tube, in which case the height of 
the lower column must be subtracted 
from that of the higher j in the other 
the zero is placed ;iear the middle of 
the tube, so that the numbers have to 
be added to obtain the actual height. 
In cases of extreme accuracy, a correction 
must be made for the temperature of the 
barometer, which is determined by a ther- 
mometer suspended in the open limb of the 
instrument, and passing through a plug of 
cotton wooL Just before observing the 
height of the barometer, the bulb of the 
thermometer is depressed for a moment 
into the mercury in the open limb, thus 
causing a movement of the mercurial 
column, which overcomes any tendency 
that it may have to adhere to the glass. 

In every case the volume observed must 
be reduced to the normal temperature and 
pressure, in order to render th^ results 
comparable. If the absolute volume is 
requited, the normal pressure of 760 m.m. 
must be employed ; but when comparative 
volumes only are desired, the pressure of 
1000 m.m. is generally adopted, as it 
somewhat simplifies the calculation. In 
the following formula for correction of the 
volume of gases — 

V^ = the correct volume. 

V== the volume found in the table, and 
corresponding to the observed height of 
the mercury in the eudiometer, the error 
of meniscus being, of course, included. 

Bsthe height of the barometer (cor- 
rected for temperature, if necessary) at 
the time of measurement. 

b = the diflference between the height of the mercury in the 
trough and in the eudiometer. 

t =s the temperature in centigrade degrees. 

T = the tension of aqueous vapour in millimeters of mercury 
at f. This number is, of course, only employed when the gas is 
saturated with moisture at the time of measurement. 
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Then 



V> = . 



V X (B-.&~T) 



"760 X (1+0003665/) ' 
when the pressure of 760 m.m. is considered the normal one; or, 

Vx(B^& ^T) 
■" 1000 X (1 + 0-003665^) ' 

when the noraial i)ressure of 1 meter is adopted. 

In cases where the tempemture at measurement is below 0^ 
(which rarely happens), the factor 1 + 0-003665/ must be placed 
in the numerator. 

Tables have been constructed containing the values of T; of 
1000 X (1 + 0003665/) and of 760 x (1 + 0-003665/), which 
very much facilitate the numerous calculations required in this 
branch of analysis.* 




fjiiTiiiiii''ii FHiiinn Jill ^iiiili" i"i •''iiHiijiqiiiiffliitiBHiMiiiiBiiiiiii't^iifflniniii ^''ni'' r .iiiii" i 



j„iL.HlLillL.iL ,l,|ir::i|i: ,ilii 



Fig. 71. 

We shall now be in a position to examine the methods employed 
in gas analysis. Some gases may be estimated directly ; that is, 
they may be absorbed by certain re-agents, the diminution of the 
volume indicating the quantity of the gas present. Some are 
determined indirectly; that is, by exploding them with other 
gases, and measuring the quantities of the products. Some gases 
may be estimated either directly or indirectly, according to the 
circumstances under which they are found. 

* Mr. Sutton will forward a copy of these Tallies, priuted seporatelj for laboratory 
use, to any one desiring them, on receipt of the necessary address. 
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§88. 

1. GASES ESTIKATED DIBBCTLT. 

A. Omm Absorbed by Orsrstalllzed Sodlo Phosphate and Potassic 

Hydrate :— 

Hydrochloric acid, 
Hydrobromic acid, 
Hydriodic acid. 

B. Oases Absorbed by Potassio Hydrate, and not by CrystaUised 

Sodio Phosphate:— 

Carbonic anhydride, 
Sulphurous anhydride, 
Hydrosulphuric acid. 

0. Oases Absorbed by neither Crystallized Sodio Phosphate nor 
Potassic Hydrate:— 
Oxygen, 
Nitric oxide, 
Carbonic oxide, 

Hydrocarbons of the composition Cn ffn. 
Hydrocarbons of the formula (Cn H*n+1)^ 
Hydrocarbons of the formula, Cn H^ + 2, 
except Marsh gas. 

2. OASES BSTIHATBD IKDIBECTLT. 

Hydrogen, 
Carbonic oxide. 
Marsh gas, 
Methyl, 

Kthylic hydride. 
Ethyl, 

Propylic hydride, 
Butylic hydride. 
Nitrogen. 

DIBECT BSTIMATIONS. 

Qronp A, containing Hydrochloric, Hydrobromic, and 
Hydriodio Acids. 

§ 89. In Bun sen' 8 method the re-agents for absorption are 
generally used in the BoUd form, in the shape of bullets. To make 
the bullets of sodic phosphate, the end of a piece of platinum wire, 
of about one foot in length, is coiled up and fixed in the centre of 
a pistol-bullet mould. It is well to bend the handles of the mould, 

E E 
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SO that when it is closed the handles are in contact, and may be 
fastened together by a piece of copper vidre (fig. 72). The usual 
practice is to place Uie platinum wire in the hole through which the 
mould is filled ; but it is more convenient to file a small notch in 
one of the faces of the open mould, and place the wire in the notch, 
before the mould is closed. In this manner the wire is not in the 
way during the casting, and it is subsequently more easy to trim 
the bullet. Some ordinary crystallized sodic phosphate is fused in 
a platinum crucible (or better, in a small piece of wide glass tube, 
closed at one end, and with a spout at the other, and held by a 
copper-wire handle), and poured into the bullet mould (fig. 73). 
When quite cold, the mould is first gently warmed in a gas-flame, 
opened, and the bullet removed. If the warming of the mould is 
omitted, the bullet is frequently broken in consequence of its 
adhering to the metal. Some chemists recommend the use of sodic 
sulphate instead of phosphate, which may be made into balls by 
dipping the coiled end of a piece of platinum wire into the salt 




Fig. 72. Fig. 73. 

fused in its water of ciystallization. On removing the wii*e, a 
small quantity of the salt will remain attached to the wire. When 
this has solidified, it is again introduced for a moment and a 
larger quantity will collect ; and this is repeated until the ball is 
sufficiently large. The balls must be quite smooth, in order to 
prevent the introduction of any air into the eudiometer. When 
the bullets are made in a mould, it is necessary to remove the 
short cylinder which is produced by the orifice through which the 
fused salt has been poured. 

In the estimation of these gases, it is necessary that they should 
be perfectly dry. This may be attained by introducing a bullet of 
fused calcic chloride. After the lapse of about an hour, the bullet 
may be removed, the absorption tube placed in a vertical position, 
with thermometer, &c., arranged for the reading, and left for 
half an hour to assume the temperature of the air. When the 
reading has been taken, one of the bullets of sodic phosphate or 
sodic sulphate is dei)ressed in the trough, wiped with the fingers 
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.while under the mercury in order to remove any air that it might 
have carried down with it, and introduced into the absorption tube, 
which for this purpose is inclined and held in one hand, while 
the bullet is passed into the tube with the other. Care must be 
taken that the whole of the platinum wire is covered with mercury 
while the bullet remains in the gas, otherwise there is a risk of 
air entering the tube between the mercury and the wire (fig. 74). 

After standing for an hour, the bullet is withdrawn from the 
absorption tube. This must be done with some precaution, so as 
to prevent any gas being removed from the tube. It is best done 
by drawing down the bidlet by a brisk movement of the wire, the 
gas being detached from the bullet during the rapid descent of the 
latter into the mercury. The bullet may then be more slowly 
removed from the tube. As sodic phosphate and sodic sulphate 
contain water of crystallization, and a corresponding proportion 
of this is liberated for every equivalent of sodic chloride formed, 
care must be taken that the 
bullets are not too small, else 
the water set free will soU the 
sides of the eudiometer, especially 
if there is a large volume of gas 
to be absorbed. As a further 
precaution, drive off some of the 
water of crystallization before 
casting the bullet. When the 
bullet has been I'emoved, the gas 
must be dried as before with 
calcic chloride and again measured. 
If two or more of the gases are 
present in the mixture to be 
analyzed, the sodic phosphate ball 
must be dissolved in water, and 
the chlorine, bromine, and iodine 
determined by the ordinary ana- 
lytical methods. If this has to 
be done, care must be taken 




Fig. 74. 



that the sodic phosphate employed is free from chlorine. 



Group B. Obmbb absorbed by Potassio Hydrate, but not by 
Sodic Fhospliate. 

Carbonic anhydride, sulphuretted hydrogen, and 
sulpliurous anhydride. 

§ 90. If the gases occur singly, they are determined by means 
of a bullet of caustic potash made in the same manner as the sodic 
phosphate balls. The caustic potash employed should contain 
sufficient water to render the b'uUets so soft that they may be 

K E 2 
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marked with the iiail when cold. Before use the balls must be 
slightly moistened with water ; and if laige quantities of gas have 
to be absorbed, the bullet must bo removed after some hours, 
washed with water, and returned to the absorption tube. The 
absorption may extend over twelve or eighteen hours. In order to 
ascertain if it is completed, the potash ball is removed, washed, 
again introduced, and allowed to remain in contact with the gaa 
for about an hour. If no diminution of volume is observed the 
operation ih finished. 

The following analyses of a mixture of air and carbonic 
anhydride will serve to show the mode of recording the observa- 
tions and the methods of calculation required. 

Analysis of a Kiztore of Air and Carbonic Anhydride. 
1. Gas Saturated with Moisture. 

Height of mercury in trough . = 171*8 m.m. 

Height of mercury in absorption eudio- 
meter . . =89*0 m.m. 

Column of mercury in tube, to be sub- 

tracted from the height of barometers b = 82 8 m.m. 



Height of mercury in eudiometer = 89*0 m.m. 

Correction for error of meniscus = 8 m.m. 

'"89-8 m.m^ 



Volume in table corresponding to 89 8 

m.m. . . =V= 96-4 

Temperature at which the reading was 

made . . . = ^ = 12-2*' 

Height of barometer at time of obser- 
vation . . . =B=765-25 m.m. 

Tension of aqueous vapour at 12-2° =T= 10 '6 m.m. 



V^ = 



Vx(B~& -T) _ 
1000 X (1 + -003665/) "• 

96-4jc(765-25-.82;8--J[0-6) _ 
1000 X [1 -»- (0-003665 x 12-2)] "" 

96-4x671-85 _ 
1000x1-044713 ~ ^^'^^^ 

log. 96-4 = 1-98408 
log. 671-85 = 2-82727 

4-81135 
log. (1000 X 1-044713) = 3-01900 

1-79235 = log. 61-994 = V> 
Corrected volume of air and CO* = V^ = 61*994. 
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After absorption of carbonic anhydride by ballet of 
potassie hydrate. 

Gas Dry. 

Fleightof mercury in trough . = 172 m.m. 

Height of mercury in absorption eudio- 
meter . . . =62*5 m.m. 

Column of mercury in eudiometer = ft =sl09-5 m.m. 

Height of mercury in eudiometer = 62*5 m.m. 

Correction for error of meniscus = 0*8 m.m. 

63-3 m.m. 



Volume in table corresponding to 63*3 

m.m. . . =V= 69-35 

Temperature . . . = < = 10*8° 

Barometer . . . = B 5=766*0 m.m. 

^, ^ Vx(B-&) 



1000 X (1+0*0036650"" 

69*35 x(766*0--109*5) 
1000 X [1 + (0003665 x 10*8)]' 

69*35 X 656*5 



1000x1*039582 



= 43*795 



log. 69*35 = 1*84105 
log. 656*5 = 2* 81723 

4-65828 
log. (1000 X 1-039582) = 3*01686 

1 *64142 = log. 43*795 = V* 

Corrected volume of air = 43*795 
Air + CO» = 61-994 
Air = 43*795 

CO' = 18-199 

61*994 : 18199 : : 100 : a? = per-centage of C0« 
18-199 X 100 _ 
^ ~ 61-995 ^ ^^'^^^ 

Per-centage of CO* in mixture of air and gas s= 29*355. 
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Gas Moist. 

Height of mercury in trough , = 174-0 ntm. 

Height of mercury in eudiometer = 98-0 m.m. 

Column of mercury in tuhe . = Z» = 76-0 m.m. 



Height of mercury in eudiometer = 98*0 m.m. 

Correction for error of meniscus = 0-8 m.m. 



98-8 m.m. 



Volume in table, corresponding to 98-8 

m.nL . . =V =105-6 

Temperature . . . = ^ = 12-5° 

Barometer . . . = B =738*0 m.m. 

Tension of aqueous vapour at 12-5° = T = 10*8 m.m. 

Corrected volume of air and carbonic 
anhydride . . . = 65-754 



Height of 
Height of 

meter 
Column oi 


After absorption of 

Gas Dry. 

mercury in trough . 
mercury in absorption eudio- 

' mercury in tube . 

mercury in eudiometer 
for error of meniscus 

table corresponding to 71*1 

re 

Corrected volume of air = 
Air + CO= = 65-754 
Air = 46-425 


CO^ 

= 6: 

=v 

= B 

46-'J 


1730 

70-3 
=102-7 


m.m. 

m.m. 
m.m. 


Height of 
Correction 


70-3 

0-8 

711 


m.m. 
m.m. 
m.m. 


Volume in 

m.m. 
Temperatu 
Barometer 


= 77-4 
= 14-1" 
=733-5 
[25 


m.m. 



CO- = 19-329 

65-754 : 19-329 : : 100 : 29-396. 

I. II. 

Per-centage of CO'' in mixture of air and gas 29-355 29*396 

If either sulphurous anhydride or sulphuretted hydrogen occurs 
together with carbonic anhydride, one of two modes of operation 
may be followed. Sulphuretted hydrogen and sulphurous anhydride 
are absorbed by manganic peroxide and by ferric oxide, which 
may be formed into bullets in the following manner. The oxides 



Digitized by VjOOQIC 



§ 90. VOLUMETllIC ANALYSIS. 423 

are made into a paste with water, and introduced into a ballet 
mould, the interior of which has been oiled, and containing the 
coiled end of a piece of platinum wire ; the mould is then placed 
on a sandbath till the ball ia dry. The oxides will now be left in 
a porous condition, which would be inadmissible for the purposio 
to which they are to be applied ; the balls are therefore moistened 
several times with a syrupy solution of phosphoric acid, care being 
taken that they do not become too soft, so as to render it difficult 
to introduce them into the eudiometer. After the sulphuretted 
hydrogen or sulphurous anhydride has been removed, the gas 
should be dried by means of calcic chloride. The carbonic 
anhydride can now be determined by means of the bullet of 
potassic hydrate. 

The second method is \p absorb the two gases by means of a 
ball of potassic hydrate containing water, but not moistened on 
the exterior, then to dissolve the bullet in dilute acetic acid which 
has been previously boiled and allowed to cool without access of 
air, and to determine the amount of sulphuretted hydrogen or 
sulphurous anhydride by means of a standard solution of iodine. 
This process is especially applicable when rather small quantities 
of sulphuretted hydrogen have to be estimated. 



G-ronp 0. This ffroup oontaixiB the ffases not absorbed by Potassic 
Hydrate or Sodio Phospliate, and consists of Oxygen, Kitric 
Oxide, Carbonic Oxide, Hydrocarbons of the formulie CnH^n 
(Cn^H^n+l)', and CnH9n+3, except Uarsb gas. 

Oxygen was formerly determined by means of a ball of 
phosphorus, but it is difficult subsequently to free the gas from 
the phosphorous acid produced, and which exerts some tension, and 
so vitiates the results ; besides which, the presence of some gases 
interferes with the absorption of oxygen by phosphorus ; and if 
any potassic hydrate remains on the side of the tube, firom the 
previous absorption of carbonic anhydride, there is a possibility of 
the formation of phosphoretted hydrogen, which would, of course, 
vitiate the analysis. A more convenient recent is a freshly 
prepared alkaline solution of potassic pyrogallate introduced into 
the gas in a bullet of papier-mach& The balls of papier-mach6 
are made by macerating filter-paper in water, and forcing as much 
of it as possible into a bullet mould into which the end of a piece 
of platinum wire has been introduced. In order to keep the mould 
from opening while it is being filled, it is well to tie the handles 
together with a piece of string or wire, and when chaiged it is 
placed on a sandbath* After the mass is dry the mould may be 
opened, when a laige absorbent bullet will have been produced. 
The absorption of oxygen by the alkaline pyrogallate is not very 
rapid, and it may be necessary to remove the ball once or twice 
during the operation, and to charge it freshly. 
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Nitric oxide cannot be readily absorbed in an ordinary 
absorption tube; it may, however, be converted into nitrous 
anhydride and nitric peroxide by addition of excess of oxygen, 
absorbing the oxygen compounds with potassic hydrate, and the 
excess of oxygen by potassic pyrogallate. The diminution of the 
volume will give the quantity of nitric oxide. This process is 
quite successful when the nitric oxide is mixed with olefiant gas 
and ethylic hydride, but it is possible that other hydrocarbons 
might be acted on by the nitrous compounds. 

Carbonicoxide may be absorbed by two re-agents. If carbonic 
anhydride and oxygen be present they must be absorbed in the 
usual manner, and afterwards a papier-machd ball saturated with 
a concentrated solution of cuprous chloride in dilute hydrochloric 
acid introduced. A ball of caustic potash is subsequently employed 
to remove the hydrochloric acid given off by the previous re-agent, 
and to dry the gas. Carbonic oxide may also be absorbed by 
introducing a ball of potassic hydrate, placing the absorption tube 
in a beaker of mercury, and heating the whole in a water bath to 
100* for 60 hours. The carbonic oxide is thus converted into 
potassic formate and entirely absorbed. 

defiant Gas and other Hydrocarbons of the formula 
CnH'n are absorbed by Nordhausen sulphuric acid, to which an 
additional quantity of sulphuric anhydride has been added. Such 
an acid may be obtained by heating some Nordhausen acid in a 
retort connected with a receiver containing a small quantity of the 
same acid. This liquid is introduced into the gas by means of a 
dry coke bullet. These bullets are made by filling the mould, into 
which the usual platinum wire has been placed, with a mixture of 
equal weights of finely powdered coke and bituminous coal. The 
mould is then heated as rapidly as possible to a bright red heat, and 
opened after cooling ; a hard porous ball will have been produced, 
which may be employed for many different regents. It is some- 
times difficult to obtain the proper mixture of coal and coke, but 
when once prepared, the bullets may be made with the greatest 
ease and rapidity. The defiant gas will be absorbed by the sulphuric 
acid in about an hour, though they may be left in contact for about 
two hours with advantage. If, on removing the bullet, it still 
fumes strongly in the air, it may be assumed that the absorption is 
complete. The gas now contains sulphurous, sulphuric, and perhaps 
carbonic anhydrides ; these may be removed by a manganic peroxide 
ball, followed by one of potassic hydrate, or the former may be 
omitted, the caustic potash alone being used. The various members 
of the CnH^ group cannot be separated directly, but by the 
indirect method of analysis their relative quantities in a mixture 
may be determined. 

The hydrocarbons (CnH'n + ^)'* and CnHhi + * may be absorbed 
by absolute alcohol, some of which is introduced into the 
absorption tube, and agitated for a short time with the gas. 
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Correction has then to be made for the weight of the column of 
alcohol on the Enirface of the mercury, and for the tension of the 
alcohol vapour. This method only gives approximate results, and 
can only be employed in the presence of gases very slightly soluble 
in alcohol. 

The time required in the different processes of absorption just 
described is considerable; perhaps it might be shortened by sur- 
rounding the absorption eudiometer with a wider tube, similar to 
the external tube of a Liebig's condenser, and through which a 
current of water is maintained. By means of a thermometer in the 
space between the tubes the temperature of the gas would bo 
known, and the readings might be taken two or three minutes 
after the withdrawal of the re-agents. Besides this advantage, the 
great precaution necessary for maintaining a constant temperature 
in the room might be dispensed with. A few experiments made 
some years ago in this direction gave satisfieuitory results. 

INBIBBOT DBTEBXINATI0K8. 

§ 91. Gases which are not absorbed by any re-agents that are 
applicable in eudiometers over mercury, must be determined in an 
indirect manner, by exploding them with other gases, and noting 
either the change of volume or the quantity of their products of 
decomposition; or lastly, as is most frequently the case, by a 
combination of these two methods. Thus, for example, oxygen 
may be determined by exploding with excess of hydrogen, and 
observing the contraction ; hyidrogen may be estimated by exploding 
with excess of oxygen, and measuring the contraction ; and marsh 
gas by exploding with oxygen, measuring the contraction, and also 
the quantity of carbonic anhydride generated. 

The operation is conducted in the following manner : — ^The long 
eudiometer furnished with explosive wires is filled with mercury 
(after a drop of water has been placed at the top of the tube by 
means of an iron wire, as before described), and some of the gas to 
be analyzed is introduced from the absorption eudiometer. This 
gas is then measured with the usual precautions, and an excess of 
oxygen or hydrogen (as the case may be) introduced. These gases 
may be passed into the eudiometer directly from the apparatus in 
which they are prepared ; or they may be previously collected in 
lipped tubes of the form of absorption tubes, so as to be always 
ready for usa 

For the preparation of the oxygen a bulb is used, which is blown 
at the closed end of a piece of combustion tube. The bulb is about 
half filled with dry powdered potassic chlorate, the neck drawn out, 
and bent to form a delivery tube. The chlorate is fused, and the 
gas allowed to escape for some time, to ensure the expulsion of the 
atmospheric air ; the end of the delivery tube is then brought 
under the orifice of the eudiometer, and the necessary quantity of 
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gas admitted. When it is desired to prepare the oxygen beforehand, 
it may be collected directly from the bulb ; or, another method to 
obtain the gas free from air may be adopted by those who are 
provided with the necessary appliances. This is, to connect a bulb 
containing potassic chlorate with aSprengel's mercurial air-pump, 
and, after heating the chlorate to fusion, to produce a vacuum in 
the apparatus. The chlorate may be again heated until oxygen 
begins to pass through the mercury at the end of the Sprengel, the 
heat then withdrawn, and a vacuum again obtained. The chlorate 
is once more heated, and the oxygen collected at the bottom of 
the Sprengel. Of course the usual precautions for obtaining an 
aiivtight joint between the bulb and the Sprengel must be tai:en, 
such as surrounding the caoutchouc connector with a tube filled 
with mercury. 

The hydrogen for these 
experiments must be pre- 
pared by electrolysis, since 
that from other sources is 
liable to contamination with 
impurities which would 
vitiate the analysis. The 
apparatus employed by 
Bun sen for this purpose 
(fig. 75) consists of a glass 
tube, closed at the lower 
end, and with a funnel at 
the other, into which a de- 
livery tube is ground, the 
funnel acting as a water- 
joint A platinum wire is 
sealed into the lower part of 
the tube; and near the 
upper end another wire, 
with a platinum plate at- 
tached, is fused into the 
glass. Some amalgam of 
zinc is placed into the tube 
so as to cover the lower 
platinum wire, and the ap- 
paratus filled nearly to the neck with water, acidulated with 
sulphuric acid. On connecting the platinum wires with a battery 
of two or three cells, the upper wire being made the negative 
electrode, pure hydrogen is evolved from the platinum plate, and, 
after the expulsion of the air, may be at once passed into the 
eudiometer, or, if preferred, collected in tubes for future use. 
Unfortunately, in this form of apparatus, the zinc amalgam soon 
becomes covered with a saturated solution of zinc sulphate, which 
puts a stop to the electrolysis. In order to remove this layer, 




Fig. 75. 
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Bun sen has a tube fused into the apparatus at the surface of the 
amalgam; this is bent upwards parallel to the larger tube, and 
curvSi downwards just below the level of the funnel. The end of 
the tube is closed with a caoutchouc stopper. On removing the 
stopper, and pouring fresh acid into the funnel, the saturated liquid 
is expelled. 

Another form of apparatus for preparing electrolytic hydrogen 
may readily be constructed. A six-ounce wide-mouthed bottle is 
fitted with a good cork, or better, with a caoutchouc stopper. In 
the stopper four tubes are fitted (fig. 76). The first is a delivery 
tube, provided with a U-tube, containing broken glass and sulphuric 
acid, to conduct the hydrogen to the mercurial trough. The second 
tube, about 5 centimeters long, and filled with mercury, has fused 
into its lower end a piece of platinum wire carrying a strip of 

foil, or the wire may bo 
simply flattened. The third 
tube passes nearly to the 
bottom of the bottle, the 
portion above the cork is 
bent twice at right angles, 
and cut off, so that the 
open end is a little above 
the level of the shoulder 
of the bottle; a piece of 
caoutchouc tube, closed by 
a compression cock, is fitted 
to the end of the tube. 
The fourth tube is a piece 
of combustion tube about 
30 centimeters in length, 
and which may with ad- 
vantage be formed into a 
funnel at the top. This 
tube reaches about one- third 
down the bottle, and inside 
it is placed a narrower glass 
tube, attached at its lower 
end by a piece of caoutchouc 
connector to a rod of amalgamated zinc. The tube is filled with 
mercury to enable the operator readily to connect the zinc with 
the battery; some zinc amalgam is placed at the bottom of the 
bottle ; and dilute sulphuric acid ia poured in through the wide tube 
until the bottle is nearly filled with liquid. To use the apparatus, 
the delivery tube is dipped into mercury, the wire from the positive 
pole of the battery placed into the mercury in the tube to which 
the zinc is attached, and the negative pole connected by means of 
mercury with the platinum plate. The current, instead of passing 
between the amalgam at the bottom of the vessel and the platinum 




Fig. 76. 
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plate, as in Buns en 'b apparatus, travels from the rod of amalga- 
mated zinc to the platinum, consequently the current continues to 
pass until nearly the ivhole of the liquid in the bottle has become 
saturated with zinc sulphate. As soon as the hydrogen is evolved, 
of course a column of acid is raised in the funnel until the pressure 
is sufficient to force the gas through the mercury in which the 
delivery tube is placed. Care must be taken that the quantity of 
acid in the bottle is sufficient to prevent escape of gas through the 
funnel tube, and also that the delivery tube does not pass too deeply 
into the mercury so as to cause the overflow of the acid. When 
the acid is exhausted, the compression cock on the bent tube is 
opened and fresh acid poured into the funnel ; the dense zinc 
sulphate solution is thus replaced by tiie lighter liquid, and the 
apparatus is again ready for use. 

A very convenient apparatus for transferring oxygon and 
hydrogen into eudiometers is a gas pipette, figured and described 
(fig. 48, p. 350). 

It is necessary in all cases to add an excess of the oxygen or 
hydrogen before exploding, and it is well to be able to measure 
approximately the amount added without going through the whole 
pf the calculations. This may be conveniently done by making a 
rough calibration of the eudiometer in the following manner : — 
The tube is filled with mercury, a volume of air introduced into 
it from a small tube, and the amount of the depression of the 
mercury noted; a second volume is now passed up, a further 
depression will be produced, but less in extent than the previous 
one, in consequence of the shorter column of mercury in the tube. 
This is repeated imtil the eudiometer is filled, and by means of a 
table constructed from these observations, but without taking any 
notice of the variations of thermometer or barometer, the operator 
can introduce the requisite quantity of gas. It may be convenient 
to make this calibration when the eudiometer is inclined in the 
support, and also when placed perpendicularly, so that the gas 
may be introduced when the tube is in either position. A table 
like the following is thus obtained : — 



Keaanres. 
1 

2 
3 
4 

5 

6 

7 

&c. 

In explosions of hydrocarbons with oxygen, it is necessary to have 



Divisions. 




Tube 
IncUned. 

27 


Tube 
45 


45 


69 


61 


87 


75 


102 


88 


116 


100 


128 


109 


138 


&c. 


&c. 
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a considerable excess of the latter gas ia order to moderate the 
yiolence of the explosion. The same object may be attained by 
diluting the gas with atmospheric air, but it is found that sufficient 
oxygen serves equally well. If the gas contains nitrogen, it is 
necessary subsequently to explode the residual gas with hydrogen ; 
and if oxygen only has been used for diluting the gas, a very large 
quantity of hydrogen must be added, which may augment the 
volume in the eudiometer to an inconvenient extent. When 
atmospheric air has been employed, this inconvenience is avoided. 
After the introduction of the oxygen, the eudiometer is restored to 
its vertical position, allowed to stand for an hour, and the volume 
i-ead oE 

The determination of the quantity of oxygen which must be 
added to combustible gases so as to prevent the explosion from 
being too violent, and at the same time to ensure complete com- 
bustion, has been made the subject of experiment. When the 
gases before explosion are under a pressure equal to about half 
that of the atmosphere, the following proportions of the gases 
must be employed : — 



Volume of 
ComlmBtiUe Gas. 


Volume of 
Oxygen. 


Hydrogen .... 


1 


1-5 


Carbonic oxide 


1 


1-5 


Marsh gas .... 


1 


5 


Gases containing two atoms of 






carbon in the molecule, as 






Methyl, C«H« . 


I 


10 


Gases containing three atoms of 






carbon in the molecule, as 






Propylic hydride, C^H« 


1 


18. 


Gases containing four atoms of 






carbon in the molecule, as 






Ethyl, CW 


1 


25 




In cases of mixtures of two or more combustible gases, 
proportionate quantities of oxygen must be introduced. 

At the time of the explosion, it is necessary that the 
eudiometer should be carefully closed to prevent the loss 
of gas by the sudden expansion. For this purpose a 
thick plate of caoutchouc, three or four centimeters 
cemented on a piece of cork by means of marine glue, or some 
similar substance, and the lower surface of the cork cut so as to 
lie firmly at the bottom of the mercurial trough (fig. 77). It is, 
however, preferable to have the caoutchouc firmly fixed in the 
trough. As the mercury does not adhere to the caoutchouc, there 
is some risk of air entering the eudiometer after the explosion ; 
this is obviated by rubbing the plate with some solution of 
corrosive sublimate before introducing it into the mercury, which 
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causes the metal to wet the caoutchouc and removes all air fix>m 
its surface. When the caoutchouc is not fixed in the trough, the 
treatment with the corrosive suhlimate has to be repeated before 
every experiment^ and this soils the surface of the mercury* to an 
inconvenient extent. The cushion is next depressed to the bottom 
of the trough, and the eudiometer placed on it and firmly held 
down (fig. 78). If this is done with the hands, the tube must 
be held by that portion containing the mercury, for it is found 
that when eudiometers burst (which, however, only happens when 
some precaution has been neglected) 
they invariably give way just at the 
level of the mercury witiiin the tube, 
and serious accidents might occur if 
the hands were at this point. The 
cause of the fracture at this point is 
the following: — Though the gas is at 
a pressure below that of the atmosphere 
before the explosion, yet at the instant 
of the passage of the spark, the ex- 
pansion of the gas at the top of the 
tube condenses the layer just below it ; 
this on exploding increases the density 
of the gas further down the tube, and 
by the time the ignition is communicated 
to the lowest quantity of gas, it may 
bo at a pressure far above that of the 
atmosphere. It may bo thought tliat the 
explosion is so instantaneous that this 
explanation is merely theoretical, but 
on exploding a long column of gas, the 
time required for the complete ignition 
is quite perceptible, and sometimes the 
flash may be observed to be more 
brilliant at the surface of the mercury. 
Some experimenters prefer to fix the 
eudiometer by means of an arm from 
a vertical stand, the arm being hollowed 
out on the under side, and the cavity 
lined with cork 

If a large quantity of incombustible 
gas is present, the inflammability of 
the mixture may be so much reduced that either the explosion 
does not take place at all, or, what may be worse, only a partial 
combustion ensues. To obviate this, some explosive mixture 
of oxygen and hydrogen, obtained by thej^electrolysis of water, 
must be introduced. The apparatus used by Bun sen for this 
purpose is shown in figure 79. The tube in which the electrolysis 
takes place is surrounded by a cylinder containing alcohol, in order 




Fig. 78. 
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to prevent the heating of the liquid. A convenient apparatus 
for the preparation of this gas is made by blowing a bulb of 
about four centimeters in diameter on the end of a piece of narrow 
glass tube, sealing two pieces of flattened platinum wire into 
opposite sides of the globe, and bending the tube so as to form a 
delivery tube. Dilute sulphuric acid, containing about one volume 
of acid to twenty of water, is introduced into the globe, either 
before bending the tube, by means of a funnel with a fine long 
stem, or, after the bending, by wanning the apparatus, and 

plunging the tube into 
the acid. Care must bo 
taken that the acid is 
dilute, and that the 
battery is not too strong, 
in order to avoid the 
formation of ozone, which 
would attack the mer- 
cury, causing the sides 
of the eudiometer, to be 
soiled, at the same time 
producing a gas too rich 
in hydrogen. 

The spark necessary 
to effect the explosion 
may bo obtained from 
sovei*al sources. An or- 
dinary electrical machine 
or electrophorus may be 
used, but these are liable 
to get out of order by 
damp. Bunsen uses a 
porcelain tube, which is 
rubbed with a silk rub- 
ber, coated with electrical 
amalgam; by means of 
this a small Leyden jar 
is charged. A still more 
convenient apparatus is an induction coil large enough to produce 
a spark of half an inch in length. 

After the explosion the eudiometer is slightly raised from the 
caoutchouc plate to allow the entrance of mercury. When no more 
mercury rushes in, the tube is removed from the caoutchouc plate, 
placed in a perpendicular position, and allowed to remain for at 
least an hour before reading. After measuring the contraction, it is 
generally necessary to absorb the carbonic anhydride formed by the 
combustion by means of a potash ball, in the way previously 
described. In some rare instances the amount of water produced 
in the explosion with oxygen must be measured. If this has to be 




Fig. 79. 
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done, the eudiometer, the mercury, the original gas, and the oxygen 
must all be carefully dried. Alter the explosion the eudiometer 
is transferred to a circular glass vessel containing mercury, and 
attached to an iron-wire support^ by which the entire arrangement 
can be suspended in a glass tube adapted to the top of an iron boiler, 
from which a rapid current of steam may be passed through the 
glass tube, so as to heat the eudiometer and mercury to an uniform 
temperature of 100''. From the measurements obtained at this 
temperature the amount of water produced may be calculated. If 
three combustible gases are present, the only data required for 
calculation are, the original volume of the gas, the contraction on 
explosion, and the amount of carbonic anhydride generated. When 
the original gas contains nitrogen, the residue after explosion with 
excess of oxygen consists of a mixture of oxygen and nitrogen. To 
this an excess of hydrogen is added, and the mixture exploded ; the 
contraction thus produced divided by 3 gives the amount of oxygen 
in the residual gas, and the nitrogen is found by difference. 

It is obvious that, by subtracting the quantity of residual oxygen, 
thus determined by explosion with hydrogen, from the amount 
added, in the first instance, to the combustible gas, the volume of 
oxygen consumed in the explosion may be obtained. Some chemists 
prefer to employ this number instead of the contraction as one of 
the data for the calculation. 

We must now glance at the mode of calculation to be employed 
for obtaining the per-centage composition of a gas ^m the numbers 
arrived at by the experimental observations. 

The following table shows the relations existing between the 
volume of the more important combustible gases and the products 
of the explosion : — 



Name of Om. 



Hydrogen, H 
Carbonic Oxide, CO 
MethyUc Hydride, CH'H 
Acetylene, C*H* . 
defiant Gas, Cm\ 
Methyl, CH», CH». 
Ethylic Hydride, C*H*H 
Propylene, C»H« . 
PropyHc Hydride, C»ff H 
Butylene, C^H« . 
Ethyl, C'H», Cm\ 
ButyHc Hydride, C*H»H 




0-5 

0-5 

2 

2-0 

3 

3-5 

3-5 

4-5 

5 

6 

6-5 

6-5 



1-5 

0-5 

2 

1-5 

2 

2-5 

2-5 

2-5 

3 

3 

3-5 

3-5 





1 

1 



2 
2 

3 
3 

4 
4 
4 
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As an example, we may take a mixture of hydrogen, carbonic 
oxide, and marsh gas, which gases may be designated by Xy y^ and z 
respectively. The original volume of gas may be represented by A, 
the contraction by C, and the amount of carbonic anhydride by D. 

A will, of course, be made up of the three components, or 
A=a; + y + 2?. 
C will be composed as follows : — When a mixture of hydrogen and 
oxygen is exploded, the gas entirely disappears. One volume of 
hydrogen combining with half a volume of oxygen, the contraction 
will be 1^ times the quantity of hydrogen present, or \\x. In the 
case of carbonic oxide, 1 volume of this gas uniting with half its 
volume of oxygen produces 1 volume of carbonic anhydride, so the 
contraction due to the carbonic will be half its volume, or Jy. 
Lastly, 1 volume of marsh gas combining with 2 volumes of oxygen 
generates 1 volume of carbonic anhydride, so the contraction in this 
case will be twice its volume, or 2z, Thus we have — 

Since carbonic oxide on combustion forms its own volume of 
carbonic anhydride, the amount produced by the quantity present 
in the mixture will be y. Marsh gas also generates its own volume 
of carbonic anhydride, so the quantity corresponding to the marsh 
gas in the mixture will be z. Therefore 

J):=^y + z. 

It now remains to calculate the values of x, y, and z from the 
experimental numbers A, C, and D, which is done by the help of 
the following equations : — 

k^x + y-^z, C=\\x-\ \y-[-2z , D^y + z, 

To find a;— x+y + z^A, 

x =A-D . 

For y we have— 4^ + 4^=4D , 

3x+ ?/ + 4g =2C , 
^3x+3y =4D-2C, 

Sx =3A— 3D , 

3y =3A— 2C + D, or 

3A-2C + D 
y^—j-—. 

The value of 2 is thus found — 

Dssy + z .'. 

z=:T>-y^ 

^ 3A-2C + D 

D 3 , or 

2C-3A + 2D 
'= 3 

F F 
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By replacing the letters A, C, and D by the numbers obtained by 
experiment^ the quantities of the three constituents in the volume 
A may easily be calculated by the three formulsa : — 



ar=A— 1) ssshydrogen , 

3A-2C+D 

3 
2C-3A+2D 



3A-2C+D , . ., 

y= o =carbonic oxide , 



-=maT8h gas • 

The per-centage composition is, of course, obtained by the simple 
proportions — 



A :x : 
A : y : 
A :z : 



100 : per-cent. of hydrogen , 
100 : per-cent. of carbonic oxide , 
100 : percent, of marsh gas. 



If the gas had contained nitrogen, it would have been determined 
by exploding the residual gas, after the removal of the carbonic 
anhydride, with excess of hydrogen. The contraction observed, 
divided by 3, would give the volume of oxygen in the residue, and 
this, deducted from the residue, would give the amount of nitrogen. 
If A again represents the original gas, and n the amount of nitrogen 
it contains, the expression A—?? would have to be substituted for 
A in the above equations. 

It may be as well to develop the formula for obtaining the same 
results by observing the volume of oxygen consumed instead of the 
contraction. If B represent the quantity of oxygen, we shall have 

the values of A and D remaining as before, ar=A — D. 
z is thus found — 

;c4-y + 4^=2B, 
jg+y-t- g =A , 

32=2B— A , or 
2B-A 



For y — 



^ 2B--A 

D 3-, or 

3D-2B+A 
2/= Q 
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Thus we have — 

SD-.2B+A 
y= 3 

2B-A 
«= — Q — 



Having thus shown the mode of calculation of the fonnulae, it 
will he well to give some examples of the formulsB employed in 
some of the cases which most frequently present themselves in gas 
analysis. In all cases — 

As=original mixture , 

C=scontraction , 

Dsscarhonic anhydride produced. 



1. Hydrogen and Nitrogen. 

H=:a;; N=y. 

Excess of oxygen is added, and the contraction on explosion 
ohserved : — 

_2C 

3A-2C 
2/= g , or A— ar. 



2. Carbonic Oxide and Nitrogen. 

CO=fl?; N=y. 

The gas is exploded with excess of oxygen, and the amount of 
carbonic anhydride produced is estimated : — 

fl?=D, 
y=A-D . 



3. Hydrogen, Carbonic Oxide, and Nitrogen. 

n=x; CO=y; N=2. 

In this case the contraction and the quantity of carbonic 
anhydride are measured : — 

_2C-D 

JB— 3 ' 

3A-2 C-2D 

«== a • 



F F 2 
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4. Hydrogen, Marsh Gas, and Nitrogen. 

H=ar; CH*=y; N=2. 

2C-4D 
aj— 3 » 

3A-2C-hD 
?- 3 . 

5. Carbonic Oxide, Marsh Gas, and Nitrogen. 

CO=x; CH*=y; N=2. 

4D-2C 
X — 3 , 

2C-D 

2/=— 3—, 

«=A-D. 

6. Hydrogen, Methyl (or Ethylic Hydride), and 
Nitrogen. 

H=:a;; C»H«=j^; N=2. 
4C-5D 



'X= 

y- 


- 6 

I) 
= 2' 

3A- 


> 

2C+D 


Z^ 




3 



7. Carbonic Oxide, Methyl (or Ethylic Hydride), 
and Nitrogen. 

CO=a;; C^H«=:y; N=^. 
_5D-4C 

2C-D 
!/=— 3-. 

3A-4D4-2C 

"- 3 
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8. Hydrogen, Carbonic Oxide, and Marsh Gas. 

Hsa;; 00=^^; CW^z. 

a;=A-D, 
3A-2C+D 



z=t 



3 

2C-3A+2D 



3 

9. Hydrogen, Carbonic Oxide, and Ethylic Hydride 

(or Methyl). 

H=aJi CO=i/; C'H*=;?. 

3A4-2C-4D 
«— C * 

3A-2C-I-D 

y= 3 ' 

2C-3A+2D 

10. Carbonic Oxide, Marsh Gas, and Ethylic Hydride 

(or Methyl). 
CO=.i;; CH^=2^; C»H»=2. 
3A-2C-hD 

3A + 2C-4D 

y= 3 . 

2=D-A. 

11. Hydrogen, Marsh Gas, and Acetylene. 
H=a:; CH*=:y; (?H»=«. 
5A-2C-D 

y=2C-3A, 
D-2C+3A 

2= ^ri . 



12. Hydrogen, Marsh Gas, and Ethylic Hydride 

(or Methyl). 

H=a;; CH*=y; C»H»=:«. 

This mixture cannot be analyzed by indirect determination, since 
a mixture of two volumes of hydrogen with two volumes of ethylic 
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hydride (or methyl) has the same composition as four Yolumes of 
marsh gas— 

and, consequently, would give rise to the same products on combus- 
tion with oxygen as pure marsh gas — 

C'H«+H»-fO«=2CO»+40H« ; 
2CH*+ 0«=:2C0» + 40H». 

In this case it is necessary to estimate by direct determination the 
ethylic hydride (or methyl) in a separate portion of the gas by 
absorption with alcohol, another quantity of the mixture being 
exploded with oxygen, and the amount of carbonic anhydride pro- 
duced and measured. If the quantity absorbed by alcohol sE, tiien 

a;=:A-D+E, 

Sf=:D-2E, 

2=E. 

13. Hydrogen, Carbonic Oxide, Propylic Hydride. 
H=a;; CO=y; (?E?=z. 
3A +40-50 

^— g > 

3A-20+D 
y= 3 , 

20-3A + 2D 



H. Oarbonic Oxide, Marsh Gas, and Propylic Hydride. 
COz=z', CH*=y; C»H« = 2. 
3A-2C+D 

3A4-4C-5D 

2/ = 6 ' 

D-A 

15. Carbonic Oxide, Ethylic Hydride (or Methyl), 

and Propylic Hydride. 

CO=x; CH*=y; C'H»=2. 

3A-2C+D 
•" — 3 » 

3A+4C-5D 

y= 5 , 

4D-3A-2C 
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16. Marsh Gas, Ethylic Hydride (or Methyl), and 

Propylic Hydride. 

CH*=:a;j C«H«=2/; Cm^=:z. 

As a mixture of two volumes of marsh gas and two of propylic 
hydride has the same composition as four of ethylic hydride (or 
methyl) — 

CH*+C»H»=2C»H% 
the volume absorhed by alcohol, and which consists of ethylic 
hydride (or methyl) and propylic hydride, must be determined, 
and another portion of the gas exploded, and the contraction 
measured. If £ represents the volume absorbed — 

icssA-E, 

2/=4A-2C + 2E, 

2=2C-4A-E. 

17. Hydrogen, Carbonic Oxide, and Ethyl (or Butylic 

Hydride). 

Hzrzx; CO^ij; C^H^'»=^, 

A-f2C-2D 
^= i , 

3A-2C+D 
y= 3 , 

2C+2D-3A 
^■~ 12 

18. ]Sitrogen, Hydrogen, Carbonic Oxide, Ethylic 
Hydride (or Methyl), and Butylic Hydride (or Ethyl). 

N=»j H=rtt^; CO=a;j C«H«=yj C*ff^ = 2. 

In one portion of the gas the ethylic hydride (or methyl) and 
the butylic hydride (or ethyl) are absorbed by alcohol ; the amount 
absorbed =s£. 

A second portion of the original gas is mixed with oxygen and 
exploded, the amount of contraction and of carbonic anhydride 
being measured. 

The residue now contains the nitrogen and the excess of oxygen ; 
to this an excess of hydrogen is added, the mixture exploded, and 
the contraction measured. From this the quantity of nitrogen is 
thus obtained. Let — 

G = excess of oxygen and nitrogen, 

V = excess of oxygen, 

n = nitrogen, 

C == contraction on explosion with hydrogen. 
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Then— 


C'=:3», 

3r=:C' 
C 




n= G - = 
3G - C 



§92. 



3 

From these data the composition of the mixture can be deter- 
mined — 



^_2C-D-3E 

3 ' 

^_3A-2C + D-3n 
X 3 , 

3A-2C-2D4-12E>- 3yt 
•^ 6 ' 

^_ 2C~3A+2D~6E+3n 
6 • 



MODIFICATIONS AND IMPBOVEICBNTS UPON THB 
FORSGK>INa PBOCBSSBS. 

§ 92. In the method of gas analysis that we have been consider- 
mg, the calculations of results are somewhat lengthy, as will be 
seen by a reference to the example given of the analysis of a 
mixture of air and carbonic anhydride (p. 420). Besides this, the 
operations must bo conducted in a room of uniform temperature, 
and considerable time allowed to elapse between the manipulation 
and the readings in order to allow the eudiometers to acquire the 
temperature of the suiTounding air; and lastly, the absorption of 
gases by sohd re-agents is slow. These disadvantages are to a 
great extent counterbalanced by the simplicity of the apparatus, 
and of the manipulation. 

From time to time various chemists have proposed methods by 
which the operations are much hastened and facilitated, and the 
calculations shortened. It wUl be necessary to mention a few of 
these processes, which, however, require specml forms of apparatus. 

Williamson and Kussell have described (Procecrf/«^« o/ Me 
Hoy al Society, ix. p. 218) an apparatus, by means of which the 
gases in the eudiometers are measured under a constant pressure, 
the correction for temperature being eliminated by varying the 
column of mercury in the tube so as to compensate for the alteration 
of volume observed in a tube containing a standard volume of moist 
air. In this case solid re-agents were employed in the eudiometers. 
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In 1864 they published (J. Q. S. xvii. p. 238) a further develop- 
ment of this method, in which the absorptions were conducted in 
a separate laboratory vessel, by which means the re-agents could be 
employed in a pasty condition and extended over a large surface. 

And in 1868 Eussell improved the apparatus, so that liquid 
re-agents could be used in the eudiometers, and the analysis rapidly 
executed. A description of this last form of instrument may be 
found in J. a S. xxi. p. 128, 

The gutta-percha mercury trough employed is provided with a 
deep well, into which the eudiometer can be depressed to any 
required extent, and on the surface of the mercury a wide glass 
cylinder, open at both ends and filled with water, is placed. The 
eudiometer containing the gas to be examined is suspended within 
the cylinder of water by means of a steel rod passing through a 
socket attached to a stout standard firmly fixed to the table. In a 
similar manner, a tube containing moist air is placed by the side of 
the eudiometer. The clamp supporting this latter tube is provided 
with two horizontal plates of steel, at which the column of the 
mercury is read off. When a volume of gas has to bo measured, 
the pressure tube containing the moist air is raised or lowered, by 
means of an ingeniously contrived fine adjustment, until the mercury 
stands very nearly at the level of one of the horizontal steel plates. 
The eudiometer is next raised or lowered until the column of 
mercury within it is at the same level. The final adjustment to bring 
the top of the meniscus exactly to the lower edge of the steel bar is 
effected by sliding a closed wide glass tube into the mercury trough. 
Thus we have two volumes of gas under the same pressure and 
temperatui-e, and both saturated with moisture. If the temperature 
of the water in the cylinder increased, there would be a depression 
of the columns in both tubes ; but by lowering the tubes, and thus 
increasing the pressure until the volume of air in the pressure tube 
was the same as before, it would be found that the gas in the 
eudiometer was restored to the original volume. Again, if the 
barometric pressure increased, the volumes of the gases would be 
diminished ; but, by raising the tubes to the necessary extent, the 
previous volumes would be obtained. Therefore, in an analysis, it 
is only necessary to measure the gas at a pressure equal to that 
which is required to maintain the volume of moist air in the 
pressure tube constant. The re-agents are introduced into the 
eudiometer in the liquid state by means of a small syringe made of a 
piece of glass tube about one-eighth of an inch in diameter. For this 
purpose the eudiometer is raised until its open end is just below 
the surface of the mercury, and the syringe, which is curved 
upwards at the point, is depressed in the trough, passed below the 
edge of the water-cylinder, and the extremity of the syringe intro- 
duced into the eudiometer. When a sufficient quantity of the 
liquid has been injected, the eudiometer is lowered and again raised, 
so as to moisten the sides of the tube with the liquid, and thus 
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hasten the absorption. Ten minutes was found to be a sufficient 
time for the absorption of carbonic anhydride when mixed with air. 

To remove the liquid re-agent, a ball of moistened cotton wool is 
employed. The ball is made in the following manner : — A piece of 
steel wire is bent into a loop at one end, and some cotton wool 
tightly wrapped round it. It is then dipped in water and squeezed 
with the hand under the liquid until the air is removed, tiie end 
of the steel wire is next passed through a piece of glass tube curved 
near one end, and the cotton ball drawn against the curved extremity 
of the tuba The ball, saturated with water, is now depressed in 
the mercury trough, and, after as much of the water as possible has 
been squeezed out of it, it is passed below the eudiometer, and, 
by pushing the wire, the ball is brought to the surface of the 
mercury in the eudiometer and rapidly absorbs all the liquid 
re-agent, leaving the meniscus clean. The ball is removed with a 
slight jerk, and gas is thus prevented from adhering to it. It is 
found that this mode of removing the liquid can be used without 
fear of altering the volume of the gas in the eudiometer. 

Carbonic anhydride may be absorbed by a solution of potassic 
hydrate, and oxygen by means of potassic hydrate and pyrogallic acid. 
The determination of ethylene is best effected by means of fuming 
sulphuric acid on a coke ball, water and dilute potassic hydrate being 
subsequently introduced and removed by the ball of cotton wool 

Doubtless this mode of using the liquid re-agents might be 
employed with advantage in the ordinary process of analysis to 
diminish the time necessary for the absorption of the gases. By 
this process of EusseH's the calculations are much shortened 
and facilitated, the volumes read off being comparable among 
themselves; this will be seen by an example taken from the 
original memoir of the determination of oxygen in air — 

VolomeinTaUo 

oorreBpondiBg 

to reMUng. 

Volume of air token . . . 130-3 13215 
Volume after absorption of oxygen 1 

by potassic hydrate and pyro- > 103*6 104*46 
gallic acid . . . . ) 
13215 
104-46 
27-69 volumes of oxygen in 132*15 of air. 

13215 : 27*69 : : 100 : 20*953 per-centage of oxygen in air. 

Kussell has also employed his apparatus for the analysis of 
carbonates (J. G. 8, [n. 8.j p. vL 310). For this purpose he adapted 
a graduated tube, open at both ends, to a glass flask by means of a 
thick piece of caoutchouc tube. Into the flasfk a weighed quantity 
of a carbonate was placed, together with a vessel containing dilute 
acid. The position of the mercury in the graduated tube was 
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first read ofiP, after \7l1ich the flask was shaken so as to bring the 
acid and carbonate in contact, and the increase in volume was due 
to the carbonic anhydride evolved. The results thus obtained are 
extremely concordant. 

In eight experiments with sodic carbonate the per-centage of 
carbonic anhydride found varied from 41 '484 to 41 '607, theory 
requiring 41*509. 

Thirteen experiments with calc-spar gave from 43*520 to 43*858, 
the theoretical per-centage being 44*0 ; and in nine other analyses 
from 43*581 to 43*901 were obtained. 

Two experiments were 
made with manganic per- 
oxide, oxalic acid and sul- 
phuric acid, and gave 58*1 5G 
and 58*101 per cent, of 
carbonic anhydride. 

Some determinations of 
the purity of magnesium 
were also performed by dis- 
solving the metal in hydro- 
chloric acid and measuring 
the resulting hydrogen. 
Four operations gave num- 
bers varying between 8*256 
and 8*282. The metal 
should yield 8*333. 

Russell has also em- 
ployed this process for the 
determination of the com- 
bining proportions of nickel 
and cobalt {J. C. 8. [n. a] 
viL p. 294). 

Kegnault and Eeiset 
described (ilnw. Chim, Phi/s, 
[3] xxvi. p. 333) an appara- 
tus by which absorptions 
could be rapidly conducted 
by means of liquid re-agents 
brought in contact with the 
gases in a laboratory tube. 
The measurements are made 
in a graduated tube, which can be placed in communication with the 
laboratory tube by means of fine capillary tubes provided with stop- 
cocks, the lower end of the measuring tube being connected by an 
iron socket and stop-cock with another graduated tube in which the 
pressure to which the gas is subjected is measured. The measuring 
and pressure tubes are surrounded by a cylinder of water. An 
apparatus similar in principle to this has recently been constructed 
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by Frankland, and is fully described in the section on Water 
Analysis (§ 84, p. 344). 

Frankland and Ward {J. C 8, vL p. 197) made several 
important improvements in the apparatus of Eegnault and 
Keiset. They introduced a third tube (fig. 80), closed at the top 
with a stopper, and which is made to act as a barometer, to indicate 
the tension of the gas in the measuring tube, thus rendering the 
operation entirely independent of variations of atmospheric pressure. 
The correction for aqueous vapour is also eliminated, by introducing 
a drop of water into the barometer as well as into the measuring 
tube, the pressures produced by the aqueous vapour in the two 
tubes thus counterbalancing one another, so that the difference of 
level of the mercury gives at once the tension of the diy gas. The 
measuring tube is divided into ten equal divisions (which, for some 
purposes, require to be calibrated), and in one analysis it is 
convenient to make all the measurements at the same division, or 
to calculate the tension which would be exerted by the gas if 
measured at the tenth division. Frankland and Ward also 
adapted an iron tube more than 760 m.m. long at the bottom of 
the apparatus, which enables the operator to expand the gas to any 
required extent, and thus diminish the violence of the explosions 
which are performed in the measuring tube. During the operation 
a constant stream of water is kept flowing through the cylinder, 
which maintains an uniform temperature. 

By the use of this form of apparatus the calculations of analyses 
are much simplified. An example of an analysis of atmospheric air 
will indicate the method of using the instrument : — 

Volume of Air used. Determined at 5th Division on 
the Measuring Tube. 

Observed height of mercury in barometer . 6730 

Height of 6th division 3830 

Tension of gas .290*0 

Corrected tension of gas at 10th division 14oO0 



Volume after Admission of Hydrogen. Determined 
at 6th Division. 

ObseiTed height of mercury in barometer 772-3 

Height of 6th division 304*0 



Tension of gas . 468*3 
0*6 
Corrected tension at 10th division . . . 280*98 
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Volume after Explosion. Determined at 5th Division. 

m.m. 

Observed height of mercury in barometer 763*3 

Height of 5th division 383 



Tension of gas . 380*3 
0-5 



Corrected tension at 10th division . . 19015 

Tension of air with hydrogen . . . . 280*98 

Tension of gas after explosion 190*15 

Contraction on explosion .... ^(F83 

of which one-third is oxygen. ^— 

90*83 
— - — = 30*276 = volumes of oxygen in 145*0 volumes of air. 

1450 : 30*276 : : 100 : x 

30-276 X 100 .^^Q ^ . 

X fTgTg ~ 20*88 = per-centage of oxygen m air. 

If all the measurements had been made at the same division, no 
correction to the tenth division would have been necessary, as the 
numbers would have been comparable among themselves. 

Another modification of Frankland and Ward's, or 
Regnault's apparatus has been designed by McLeod {J, C. S. 
[n. s.] vii. p. 313), in which the original pressure tube of Regnaul t 's 
apparatus, or the filling tube of Frankland and Ward, is dis- 
pensed with, the mercury being admitted to the apparatus through 
the stop-cocks at the bottom. 

The measuring tube A (fig. 81) is 900 m.m. in length, and about 
20 m.m. in internal diameter. It is marko^i with ten divisions, the 
first at 25 m.m. from the top, the second at 50, the third at 100, 
and the remaining ones at intervals of 100 m.m. In the upper 
part of the tube, platinum wires are sealed, and it is terminated by 
a capillary tube and fine glass stop-cock, a, the capillary tube being 
bent at right angles at 50 m.m. above the junction. At the bottom 
of the tube, a wide glass stop-cock h is sealed, which communicates, 
by means of a caoutchouc joint surrounded with tape and well 
wired to the tubes, with a branch from the barometer tube B. 
This latter tube is 5 m.m. in width, and about 1200 m.m. long, and 
is graduated in millimeters from bottom to top. At the upper 
extremity a glass stop-cock d is joined, the lower end being curved 
and connected by caoutchouc with a stop-cock and tube (\ 
descending through the table to a distance of 900 m.m. below the 
joint. It is advisable to place washers of leather at the end of the 
plugs of the stop-cocks c and h^ as the pressure of the mercury 
which is afterwards to be introduced has a tendency to force them 
out; and if this should happen, the washers prevent any great 
escape of mercury. 
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Fig. 81. 
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The two tubes are firmly held by a clamp D, on which rests a 
wide cylinder £, about 55 m.m. in diameter, surrounding the tubes, 
and adapted to them by a water-tight caoutchouc cork F. The 
cylinder is maintained in an upright position by a support at its 
upper end G, sliding on the same rod as the clamp. Around the 
upper part of the l^rometer tube a syphon H is fixed by means of 
a perforated cork, through which the stop-cock d passes. A small 
bulb-tube e, containing some mercury, is also fitted in this cork, so 
as to allow of the air being entirely removed from the syphon. Tlio 
syphon descends about 100 m.m. within the cylinder, and has a 
branch at the top communicating by caoutchouc with a bent tube 
contained in a wider one J affixed to the support A constant 
current of water is supplied to the cylinder through a glass tube, 
which passes to the bottom, and escapes through the syphon and 
tubes to the drain. 

To the end of the narrow tube C, is fastened a long piece of 
caoutchouc tube K, covered with tape, by which a communication 
is established with the mercurial reservoir L, suspended by a cord, 
so that by means of the winch M, it may be raised above the level 
of the top of the barometer tube. As the mercury frequently forces 
its way through the pores of the caoutchouc tube, it is advisable 
to surround the lower part with a piece of wide flexible tube ; this 
prevents the scattering of the mercury, which collects in a tray 
placed on the floor. Into the bottom of the tray a screw must be 
put^ to which the end of the glass tube is firmly attached by wire. 
The capillaiy stop-cock a is provided with a steel cap, by means of 
which it may be adapted to a short and wide laboratory tube 
capable of holding about 150 c.c, and identical in form with the 
one described in the section on Water Analysis (§ 84). The 
mercurial trough for the laboratory tube is provided with a stand 
with rings, for the purpose of holding two tubes containing gases 
that may be required. 

The apparatus is used in the same way as Frankland and 
Ward's, except that the mercury is raised and lowered in the tubes 
by the movement in the reservoir L, instead of pouring it into the 
centre supply-tube. 

To arrange the apparatus for use, the reservoir L is lowered to the 
ground, and mercury poured into it. The laboratory tube being 
removed, the stop-cocks are all opened, and the reservoir gradually 
raised. When the tube A is filled, the stop-cock a is closed, and 
the reservoir elevated until mercury flows through the stop-cock d at 
the top of the barometer. It is convenient to have the end of 
the tube above the stop-cock so bent that a vessel can be placed 
below to receive the mercury. This bend must^ of course, be so 
short that^ when the plug of the stop- cock is removed, the syphon 
will pass readily over. When the air is expelled from the barometer 
tube, the stop- cock is closed. A few drops of water must next be 
introduced into the barometer ; this is accomplished by lowering 
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the reservoir to a short dLstance helow the top of the harometer, and 
gently opening the stop-cock d, while a small pipette, from which 
water is dropping, is held against the orifice, the stop-cock being 
closed when a sufficient amount of water has penetrated into the 
tube. In the same manner, a small quantity of water is passed into 
the measuring tube. In order to get rid of any bubbles of air which 
may still linger in the tubes, the reservoir is lowered to the ground 
80 as to produce a vacuum in the apparatus ; in this manner the 
interior surfaces of the tubes become moistened. The reservoir is 
now gently raised, thus refilling the tubes with mercury. Great 
care must be taken that the mercury does not rush suddenly against 
the tops of the measuring and barometer tubes, which might cause 
their destruction ; this may be avoided by regulating the flow of 
mercury by means of the stop-cock c, which may be conveniently 
turned by a long key of wood, resting against the upper table of 
the sliding stand of the mercurial trough. "When the reservoir 
has again been elevated above the top of the barometer, the stop- 
cocks of the measuring and barometer tubes are opened, and the 
air and water which have collected allowed to escape. 

The heights of the mercurial columns in the barometer, corre- 
sponding to the different divisions of the measuring tube, have now 
to be determined. This is done by running out all the mercury 
from the tubes, and slowly readmitting it until the meniscus of the 
mercury just touches the lowest division in the measuring tube. 
This may be very conveniently managed by observing the division 
through a small telescope of short focus, and sufficiently close to the 
apparatus to permit of the key of the stop-cock c being turned, while 
the eye is still at the telescope. When a reading is taken, tho 
black screen behind the apparatus must be moved by means of 
the winch P, until its lower edge is about a millimeter above the 
division. The telescope is now directed to the barometer tube, and 
the position of the mercury carefully noted. As the tubes only 
contain aqueous vapour, and are both of the same temperature, the 
columns in the two tubes are those which exactly counterbalance 
one another, and any difference of level that may be noticed is 
due to capillarity. 

The same operation is now repeated at each division of the tube. 
The measuring tube next requires calibration, an operation performed 
in a manner perfectly similar to that described in § 84 (p. 347), 
namely, by filling the measuring tube with water, and weighing the 
quantities contained between every two divisions. The eudiometer 
being filled with water, and the stop-cock b closed, the reservoir is 
raised and the mercury allowed to rise to the top of the barometer. 
The capillary stop-cock a having been opened, the cock b is gently 
turned, and the water allowed to flow out until the mercury reaches 
the lowest division of the tube. A carefully weighed flask is now 
supported just below the steel cap, the stop-cock b again opened, 
until the next division is reached, and the quantity of water is 
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weighed, the temperature of the water in the wide cylinder being 
observed. The same operation is repeated at each division, and by 
calculation the exact contents of the tube in cubic centimeters may 
be found. 

In this loanner, a table, such as the following, is obtained : — 



IMrUon 

on 

meunijiut 

tabe. 


Heiglit of Merciuy in 
dfTlaionr 


Contents. 


Cubic Centimeters. 


Log. 


1 

2 
3 
4 

5 
6 
7 
8 
9 


756-9 
706-7 
606-8 
506-6 
406-8 
306-8 
206-9 
107-0 
7-1 


8-6892 

18-1621 

36-9307 

55-7344 

74-4299 

93-3306 

112-4165 

131-6335 

151-1623 


0-9389814 
1-2591664 
1-5673880 
1-7461232 
1-8717477 
1-9700244 
2-0508303 
2-1193666 
21794435 



When a gas is to be analyzed, the laboratory tube is filled with 
mercury, either by sucking the air out through the capillary stop- 
cock, while the open end of the tube stands in the trough, or much 
more conveniently, by exhausting the air through a piece of flexible 
tube passed under the mercury to the top of the laboratory tube, the 
small quantity of air remaining in the stop-cock and at the top of the 
wide tube being very readily withdrawn. The face of one of the 
steel pieces is greased with a small quantity of resin cerate, and, the 
measuring apparatus being full of mercury, the clamp is adjusted. 

Before the introduction of the gas, it is advisable to ascertain if 
the capillary tubes are clear, as a stoppage may arise from the 
admission of a small quantity of grease into one of them. For this 
purpose the globe L is raised above the level of the top of the 
measuring tube, and the capillary stop-cocks opened ; if a free 
passage exists, the mercury will be seen to flow through the tubes. 
The stop-cock of the laboratory tube is now closed. When all is 
properly arranged, the gas is transferred into the laboratory tube, 
and the stop-cock opened, admitting a stream of mercury. The 
cock e is gently turned, so as just to arrest the flow of mercury 
through the apparatus, and the reservoir lowered to about the level 
of the table, which is usually sufficient. By carefully opening the 
cock 6, the gas is drawn over into the measuring tube, and when 
the mercury has reached a point in the capillary tube of the 
laboratory tube, about midway between the bend and the stop-cock, 
the latter is quickly closed. It is necessary that this stop-cock 
should be very perfect. This is attained by grinding the plug into 

a 
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the socket with fine levigated rouge and solution of sodic or 
potassic hydrate. By this means the plug and socket may be 
polished so that a very small quantity of resin cerate and a drop of 
oil renders it perfectly gas-tight In grinding, car© must bo taken 
that the operation is not carried on too long, otherwise the hole in 
the plug may not coincide with the tubes. If this stop-cock is in 
sufficiently good order, it is unnecessary to close the stop-cock a 
during an analysis. 

The mercury is allowed to flow out of the apparatus until its 
surface is a short distance below the division at which the measure- 
ments are to be made. The selection of the division depends on 
the quantity of gas and the kind of experiment to be performed 
with it. A saving of calculation is effected if all the measurements 
in one analysis are carried on at the same division. When the 
mercury has descended below the division, the cock e is closed, the 
reservoir raised, and the black screen moved until its lower edge is 
about a millimeter above the division, and the telescope placed so 
that the image of the division coincides with the cross-wires in the 
eye-piece. The stop-cock c is now gently opened until the meniscus 
just touches the division ; the cock is closed and th^ height of the 
mercury in the barometer is measured by means of the telescope. 
The difference between the reading of the barometer, and the 
number in the table corresponding to the division at which the 
measurement is taken, gives in millimeters the tension of the gas. 
The volume of the gas is found in the same table, and with the 
temperature, which is read off at the same time as the pressure, all 
the data required for the calculation of the volume of the gas at 0^ 
and 760 m.m. are obtained. No correction is required for tension 
of aqueous vapour ; the measuring tube and barometer tube being 
both moist, the tensions in the tubes are counterbalanced. Absorp- 
tions are performed with liquid re-agents by introducing a few drops 
of the liquid into the laboratory tube, transferring the gas into it, 
and allowing the mercury to drop slowly through the gas for about 
five minutes. The gas is then passed over into the measuring tube, 
and the difference of tension observed corresponds to the amount of 
gas absorbed. It is scarcely necessary to add, that the greatest 
care must be taken to prevent any trace of the re-agent passing the 
stop-cock. If such an accident should occur, the measuring tube 
must be washed out several times with distilled water at the 
conclusion of the analysis. If the re-agent is a solution of potassic 
hydrate it may be got rid of by introducing into the tube some dis- 
tilled water, to which a drop of sulphuric acid has been added. If 
this liquid is found to be acid on removing it from the tube, it may 
be presumed that all the alkali has been neutralized. 

When explosions are to be performed in the apparatus, the gas is 
first measured and then returned to the laboratory tube. A quan- 
tity of oxygen or hydrogen, as the case may be, which is judged to 
be the proper volume, is transferred into the laboratory tube, and 
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some mercury is allowed to stream through the gases so as to 
mix them thoroughly. The mixture is next passed into the eudio- 
meter and measured. If a sufficient quantity of the second gas has 
not been added, more can readily be introduced. After the 
measurement, it may be advisable to expand the mixture, in order 
to diminish the force of the explosion. This is done by allowingr 
mercury to flow out from the tube into the reservoir. When the 
proper amount of expansion has been reached, the stop-cocks a and 
() are closed. To enable the electric spark to pass between the 
wires, it is necessary to lower the level of the water in the cylinder. 
For this purpose, the bent glass tube at the extremity of the syphon 
is made to slide easily through the cork which closes the top of the 
wide tube J. By depressing the bent tube, the water flows out 
more rapidly than before, and the level consequently falls. When 
the surface is below the eudiometer wires, a spark from an induction- 
coil is passed, exploding the gas. The syphon tube is immediately 
raised, and. when the water in the cylinder has reached its original 
level, the gas is cool enough for pieasurement 900 c.c. of mercury 
are amply sufficient for the whole apparatus ; and as there is no 
cement used to fasten the wide tubes into iron sockets, a great 
difficulty in the original apparatus is avoided. 

The following details of an analysis, in which absorptions only 
were performed, will show the method employed. The gas waa a 
mixture of nitrogen, oxygen, and carbonic anhydride, and the 
measurements were all made at division No, 1 on the eudiometer, 
which has been found to contain 8*6892 c.c. 



Original Oaa. 

m.m. 

Temperature of water in cylinder, 15-4^ 

Height of mercury in barometer tube 980*5 

„ „ corresponding to Division No. 1 (see 

Table) 756*9 

Pressure of the gas 223*6 

After absorption of the carbonic anhydride by solution 
of potassic hydrate — 

Height of mercury in barometer tube . . . . 941-7 

„ „ corresponding to Division No. 1 . 766*9 

Pressure of the gas after removal of carbonic anhydride . 184*8 

Pressure of original gas ...... . 223*6 

„ gas after removal of carbonic anhydride . . 184*8 
Tension of carbonic anhydride 388 

After absorption of the oxygen by potassic pyrogallate — 

Height of mercury in barometer tube 885*4 

„ „ corresponding to Division No. 1 .756*9 

Pressure of nitrogen . . 128*5 

G G 2 ""~" 
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Pressure of oxygen and nitrogen 184-8 

„ nitrogen 128-5 

„ oxygen 56*3 

These measurements, therefore, give us the following numbers : — 



Pressure of nitrogen 128-5 

„ oxygen 5G-3 

„ carlx)nic anhydride 38 -8 

„ original gas 223-6 

If the per-centage composition of the gas is required, it is readily 
obtained by a simple proportion, the temperature having remained 
constant during the experiment : — 



num. 

223C 


m.m. 

128-5 : 


: 100 


m.m. 

: 57-469 per cent. N 


223-6 


5G-3 : 


: 100 


: 25-179 per cent 


223-6 : 


38-8 : 


: 100 


: 17-352 per cent. CO*- 
100-000 



If, however, it is necessary to calculate the number of cubic 
centimeters of the gases at 0*" and 760 m.nL, it is done by the 
following formulas : — 

8*6892 X 128*5 
760 X [1 +(0-003665 x 15-4)]=1*2^^^ <^'=- «^ ''^^"'Sen. 

8-6892 X 56-3 „ „^„, 

760 X [I + (0-003665 x 15-4)]=*''^^^' ^°- °^ «^y8^"- 

8*689^ X 38*8 
760 X [1 +(0^^003665 x 15-4)] =^'^^^^ ^•^- ^^ ^'^^^^° anhydride, 

8*6892x223*6 
760 X [1 +(0003665 x 15*4)]=^'^^^^ ^'^ ^^ *^® ^"^inal gas. 

If many of the calculations are to be done, they may be very 
much simplified by constructing a table containing the logarithms 
of the quotients obtained by dividing the contents of each division 
of the tube by 760 x (1+0*003665 /). The foUowmg is a very 
short extract from such a table : — 



T". 



15*0 
•1 

.0 

•3 
•4 



Diviaion No. 1. 
8-6892 



DiriBion No. 2. 
18-iq2l 
*"***• 780 X (1 + 9t), 



2 03492 
2*03477 
2*03462 
2*03447 
2-03432 



2*35511 
'2-35496 
2*35481 
2*35466 
"2-34451 
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By adding the logarithms of the tensions of the gases to those 
in the above table, the logarithms of the quantities of gases are 
obtained; thus : — 

Log. corresponding to Division No. 1, 

and 15-4° 2-03432 

Log. 128-5 = pressure of nitrogen . 2-10890 

Log. of quantity of nitrogen . . 0-14322=log. 1-3906 
Volume of nitrogen at 0** and 

760 m.m 1-3906 c.c. 



Log. 56*3 = pressure of oxygen 

Log. of quantity of oxygen 

Volume of oxygen at 0** and 
760 m.m 



2-03432 
1-75051 

1-78483 -log. 0-6093 

0-6093 C .C. 

2-03432 
Log. 38:8 = pressure of carbonic anhy- 
dride 1-58883 

Log. of quantity of carbonic anhy- 
dride 1-62315 = log. 0-4199 

Volume of carbonic anhydride at 
0** and 760 m.m. 



Log. 223-6=pressure of original gas 
Log. of quantity of original gas 
Volume of original gas at O"* and 
760 m.m. 



Nitrogen 

Oxygen 

Carbonic anhydride 

Total 



0-4199 c .c. 

2 03432 
2-34947 

0-38379 = log. 2-4198 
2-4198 C.C. 



1-3906 
0-6093 
0-4199 

2-4198 



or 
or 
or 

or 



1-391 CO. 
0-609 C.C. 
0-420 C.C. 

2-420 C.C. 



The following example of an analysis of coal gas will show the 
mode of working with this apparatus, and the various opemtions to 
be performed in order to determine the caibonic anhydride, oxygen 
hydrocarbons absorbed by Nordhausen sulphuric acid, hydrogen,' 
marsh gas, carbonic oxide, and nitrogen. 

The measuring tube and laboratory tube were first filled with 
mercury, some of the gas introduced into the laboratory tube, and 
passed into the apparatus. 

The gas was measured at the second division. 

Height of mercury in the barometer tube . 989-0 

}} f, „ measuring tube . 706-8 

Pressure of the gas at 16-6*^ 282^ 
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Two or three drops of a solution of potassic hydrate were 
now placed in the laboratory tube, and the gas passed from the 
measuring tube, the mercury being allowed to drop through the 
gas for ten minutes. On measuring again — 

Height of mercury in barometer . - - 984*0 

Some saturated solution of pyrogallic acid was introduced into 
the laboratoiy tube, and the gas leit in contact with the liquid for 
ten minutes. On measuring — 

Height of mercury in barometer . . . 983*6 

Height of mercury when measuring original gas 989*0 
„ „ after absorption of CO' . 984*0 

Pressure of CO' 5K) 

„ „ after absorption of CO' . 984*0 

„ „ after absorption of O . 983*6 

Pressure of O 4 

The volumes of the gases being proportional to their pressures, 
it is simple to obtain the per-centages of carbonic anhydride and 
oxygen in the original gas. 

Original gas. COS 

282*2 : 5*0 : : 100 : 1*772 per cent. CO' 

Originid gas. O 

282*2 : 0-4 : : 100 : JH42 per cent. 

1*914 

By subtracting 1*914 from 100, we obtain the remainder, 98086, 
consisting of the hydrocarbons absorbed by Nordhausen 
sulphuiic acid, hydrogen, carbonic oxide, marsh gas, and nitrogen ; 
thus ; — 

Original gas 100*000 

and CO' 1-914 

CnH'n. H. CO. CK\ N . . . . 98*086 

While the gas remains in the measuring tube, the laboratory tube 
is removed, washed, dried, filled with mercury, and again attached 
to the apparatus. Much time is saved by replacing the laboratory 
tube by a second, which was previously ready. As a minute 
quantity of gas is lost in this operation, in consequence of the 
amount between the stop-cocks being replaced by mercury, it is 
advisable to pass the gas into the laboratory tube, then transfer it 
to the eudiometer, and measure again. 

On remeasuriug, the mercury in the barometer 

stood at 983*3 

The mercury in the measuring tube . . . 706*8 

Pressure of CnH'n. H. CO. CH*. N "270^ 
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The g^ is again passed into the laboratory tube, and a coke ball 
soaked in fuming sulphuric acid, left in contact with the gas for 
an hour ; the buUet is then withdrawn, and some potassic hydrate 
introduced and left in the tube for ten minutes, in order to remove 
the vapours of sulphuric anhydride, and the sulphurous and 
carbonic anhydrides formed during the action of the Nordhausen 
acid on the gas. The gas is now measured again. 

Height of mercury in barometer tube . . 969'3 

„ „ „ before absorbing 

CnH«n 983-3 

„ „ „ after . . 969'3 

Pressure of CnH^ n 14-0 

The per-centage of these hydrocarbons is thus formed : — 
Gas containing CnH^n. H. CO. CH^. N. 

CnHSn. 

276-5 : UO : : 98-086 : 4-966 p er cent. Cnffn 

It now remains to determine the hydrogen, carbonic oxide, marsh 
gas, and nitrogen in a portion of the residual gas. The laboratory 
tube is therefore removed, some of the gas allowed to escape, and 
another laboratory tube adapted to the apparatus. The portion of 
gas remaining is expanded to a lower ring (in this special case to 
the third division), and the tension measured : — 

Height of mercury in the barometer tube . . 642-2 

„ „ measuring tube . . 606-7 

Pressure of residue 35-5 

An excess of oxygen has now to be added. For this purpose the 
gas is passed into the laboratory tube, and about five times its 
volume of oxygen introduced from a test tube or gas pipette. The 
necessary quantity of oxygen is conveniently estimated by the aid 
of rough graduations on the laboratory tube, which are made by 
introducing successive quantities of uir from a small tube in the 
manner previously described for the calibration of the eudiometers. 

After the introduction of the oxygen, the mixed gases are passed 
into the eudiometer and measured. 

Height of mercury in the eudiometer after addition 

of O 789-5 

The mixture has now to be exploded, and when the pressure is 
considerable, it is advisable to expand the gas so as to moderate the 
violence of the explosion. When sufficiently dilated, the stop-cock 
at the bottom of the eudiometer is closed, the level of the water 
lowered beneath tlie platinum wires by depressing the syphon, and 
the spark passed. The explosion should be so powerful that it 
should be audible, and the fiash visible in not too bright daylight 
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The stop-cock at the bottom of the eudiometer is now opened, 
and the gas measured. 

Height of mercury in barometer after explosion . 732*5 

The diflFerence between this reading and the previous one gives 
the contraction produced by the explosion : — 

Height of mercury in barometer before explosion 789*5 
„ „ „ after „ 732*5 

Contraction = C 57*0 

It is now necessary to estimate the amount of carbonic anhydride 
formed. This is done by absorbing with potassic hydrate as before 
described. 

Height of mercury in barometer tube after 

absorbing CO' 715*8 

This number deducted from the last reading gives the carbonic 
anhydride. 

Height of mercury in barometer after exploding . 732*5 
„ „ „ after absorbing CO' 715*8 

Carbonic anhydride = D 16*7 

It now remains to determine the quantity of oxygen which was 
not consumed in the explosion, and wliich excess now exists mingled 
with the nitrogen. For this purpose, a volume of hydrogen about 
three times as great as that of the residual gas is added, in the 
same way as the oxygen was previously introduced, and the pressure 
of the mixture determined. 

Height of mercury in barometer after adding H 1031*3 

This mixture is exploded and another reading taken. 
Height of mercury in barometer after exploding 

withH 706*7 

Tliis number subtracted from the former, and the difference 
divided by 3, gives the excess of oxygen. 

Height of mercury in barometer before exploding 

withH 1031*3 

Height of mercury in barometer after exploding 

with H 706-7 

3) 3246 
Excess of oxygen 108*2 

In order to obtain the quantity of nitrogen in the gas analyzed, 
this number has to be deducted from the volume of gas remaining 
after the explosion with oxygen and the removal of the carbonic 
anhydride. 
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Height of mercury in barometer after absorbing 

CO^ 715-8 

„ „ in eudiometer at division No, 3 606'7 

Nitrogen and excess of oxygen . . . .109*1 

Excess of oxygen 108 '2 

Nitrogen 9 

Wq have now all the data necessary for the calculation of the 
composition of the coal gas. It is first requisite to calculate the 
proportion of the combustible gas present in the coal gas, which is 
done by deducting the sum of the per-centages of gas determined 
by absorption from 100. 

Per-centage of carbonic anhydride . . . 1*772 

„ oxygen 0142 

CnH^n 4*966 

CO^O. CnH^ 6-880 

Original gas 100000 

CO^ 0. CnH^ . . . . . . 6-880 

n. CO. CH*. N 93-120 

The formula} for the calculation of the analysis of a mixture of 
hydrogen, carbonic oxide, and marsh gas, are (see p. 437) — 

Hydrogen = a; = A - D 

,, , . ., 3A-2C + D 
Carbonic oxide = y = g 

„ , 2C-3A + 2D 





jrj4 


jirsu ^lu) 






3 












A: 


=35-5- 


-0-9= 


34-6 












C= 


=57-0 
















D= 


=16-7 












A 


— — 


34-6 














D 


= 


16-7 


















17-9 = 


X =liydrogen 


in 35-5 


of the 


gas 


exploded 










witli 


oxygen. 








A 


= 


3-t-G 
3 




C = 


= 57-0 
2 








3A 


= 


103-8 




2C = 


= 1140 








D 


s: 


lG-7 















3A+D = 120-5 
2C = 1140 

3 ) 65 =3A + D-2C 

3A + D-2C _ 2067= y =carbonic oxide in 35-5 of the , 
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D = 



lG-7 
2 



2D = 33-4 

2C =il4J) 

2D-».2C = 147-4 

3A = 103-8 

3 ) 43-6 = 2D + 2C-3A 
2D + 2C-3A 



= 14^533 =rz=marsh gas in 35-5 of the gas. 



These numbers arc readily transformed into per-centages, thus: — 

35-5 : 17-9 : : 9312 : 46-952 per cent of hydrogen. 
35-5 : 2-167 : : 93-12 : 5684 per cent, of carbonic oxide. 
35-5 : 14-533 : : 93-12 : 38-122 per ceni of marsh gas. 
35-5 : 0-9 : : 9312 : 2-361 per cent, of nitrogen. 

This completes the calculations, the results of which are as 
follows : — 



Hydrogen . 


. 46-952 


Marsh gas . 


. 38122 


CnH'n 


. 4-966 


Carbonic oxide . 


. 5-684 


Carbonic anhydride . 


. 1-772 


Oxygen 


. 0142 


Nitrogen . 


. 2-361 



99-999 



It is obvious that this analysis is not quite complete, since it 
does not give any notion of the composition of the hydrocarbons 
absorbed by the I^ordhausen acid. To determine this, some of 
the original gas, after the removal of carbonic anhydride and oxygen, 
is exploded with oxygen, and the contraction and carbonic anhy- 
dride produced are measured. The foregoing experiments have 
shown the effect duo to the hydrogen, carbonic oxide, and marsh 
gas, the excess obtained in the last explosion being obviously caused 
by the hydrocarbons dissolved by the sulphuric acid, and from 
these data the composition of the gas may be calculated. 

It may be remarked that analyses of this kind were performed 
mth the apparatus at the rate of two a day when working for 
seten hours. 

It may be useful to show how this analysis appears in the 
laboratory note-book : — 
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AiialifiiB of Coal Gas. 



989-0 ^ 
706-8 

282-2 J 
984-0 


1 (^m 

y original 

1 gas 

Aft absorb. 00= 

Aft. absorb. 
Remeasured 


9890 984-0 
984-0 983-6 

6-0 = COS 0-4 = 

282-2:5-0: : 100 : 1 -772 COa 
282-2 : 0-4 : : 100 : 0142 


983-6 
P83-3 


1-914 

100-000 
1-914 C02 



Aft. absorb. CnU^u 



98-086 CnH^n. H. CO. CH*. N 

983-3 983-3 

706-8 969-3 



642^ \ 

606-7 I Portion of 

C Residue 

85-5 j 


276-5 

276 

85-5 = H. CO. 

0-9 = N 

, 34-6 = H. CO. 

. COS 789-5 
732-5 

67-0 = contr 

1031-3 
706-7 

8; 324-6 
~r08~2 = 

= 17-9 
+ ^ =2-167 

+ 2D = 14-533 


14-0 CnH^i 
5 : 14-0 : : 9 

CH^. N 

CH* = A 

action = C 

715-8 
606-7 


1 

8-086 : 4-966 CnH^n 

C0« = 1-772 

= 0-142 

CnH'n = 4-966 


789-5 withO 


732-5 Aft. expl. 
715-8 Aft. absorb 

1031-3 withH 
706-7 Aft. expl. 


6-880 

732-6 
716-8 

16-7 = C02 = D 


11 = A- = A-D 
CH4-.-2C.3A 


109-1 = 

108-2 = 

o-ii = 

16-7 
2 

33-4 
1140 


N + 


N 


34-6= A 
16-7 = D 

17-9 = x' = H 


34-600 

34-6 = A 
3 

103-8 =3A 
16-7 =D 


= D 

= 2D 

= 2C 


57-0 = C 
2 


120-5 = 3A + D 
114-0 = -2C 

3) 6-5 = 3A + D . 2C 


147-4 
103-8 

3) 43-6 

14-53 

: : 93-12 : 46 
: : 93-12 : 5 
: : 93 12 : 38 
: : 93-12 : 2 


= 2C + 2D 
= 3A 


114-0 = 2C 


= 2D + 2C - 3A 


100-000 
6-880 CO. 0. 


2-167= !/ - CO 

85-5 : 17-9 
CnH=n 35-5: 2167 

35-5 : 14-533 
CH^. N 3.5-5 : 09 


3= z = CH< 

-962 H 
-684 CO 
•122 CH4 
-361 N 


93-120 H. CO. 
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OF 


H 


_ 


46-952 




CH^ 


= 


38-122 




Cnff 


•n = 


4-966 




CO 


~ 


5-684 




C02 


= 


1-772 







= 


0142 




N 


= 


2-361 





99-999 

It is assumed in the above example, that the temperature of the 
water in the cylinder remained constant throughout the period 
occupied in performing the analysis. As this very rarely happens, 
the temperature should be carefully read off after every measure- 
ment of the gas and noted, in order that due correction be made for 
any increase or decrease of volume which may result in consequence. 



THOMAS'S IKPBOYBI) GAS APPABATTTS. 

In the Chemical Societies Journal for May, 1879, Thomas 
described an apparatus for gas analysis which has the closed 
pressure tube of Frankland and Ward, and is supplied with 
mercury by means of the flexible caoutchouc tube arrangement of 
Mc Leod. The manner in which this apparatus is filled with 
mercury and got into order for working is so similar to that already 
described that no further reference need be made thereto. 

The eudiometer is only 450 m.m. long from shoulder to shoulder, 
and the laboratory tube and mercury trough are under the com- 
mand of the operator from the floor level. The eudiometer has 
divisions 20 m.m. apart, excepting the uppermost, which is placed 
as close beneath the platinum -wires as is convenient to obtain a 
reading. The method explained in sequel of exploding com- 
bustible gases under reduced pressure^ without adding excess of gas 
to modify the force of the explosion, permits the shortening of the 
eudiometer as above, and enables the apparatus to be so erected 
that a long column of the barometer tube shall stand above the 
summit of the eudiometer. By means of such an arrangement a 
volume of gas may be measured under nearly atmospheric pressure, 
and as thb pressure is equal to more than 700 m.m., plus aqueous 
tension, the sensitiveness of the apparatus is considerably augmented. 
The barometer tube is 1000 m.m. in length, having about 700 m.m. 
lines above Division 2 on the eudiometer. The steel clamp and 
facets forming the connections between the eudiometer and detach- 
able laboratory tube of the apparatus previously described are 
dispensed with, as in this form the eudiometer and laboratory 
vessels are united by a continuous capillary tube, 12 m.m. (outside) 
diameter, and one three-way glass tap is employed in lieu of the 
two stop-cocks. The arrangement is simple. The glass tap is 
hollow in the centre, and through this hollow a communication is 
made with the capillary, by means of which either the laboratory 
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tube or the eudiometer can be washed out. As the laboratory 
vessel is not disconnected for the removal of the re agent used in 
an absorption, it is supported by a clamp, as shown in the drawing ; 
and when it requires washing out the mercury trough is turned 
aside, in order that an enema syringe may be used for injecting a 
stream of water. A few drops of water are let fall into the hollow 
of the tap and blown through the capillary' tube three times in 
succession, so as to get rid of the absorbent remaining in the 
capillary, then the syringe is brought into play once more, the 
excess of water removed by wiping, and the trough turned back 
into position. The laboratory tube may be refilled with mercury 
as described on page 348 ; but it will be found much more serviceable 
if a double-acting syringe, connected to a bulb apparatus (to catch 
any mercury that may come over), and then to the orifice of the 
hollow in the tap by a ground perforated stopper be used, as this 
will obviate the destructive eflfect of heavy suction upon the gums 
and teeth. The mercury trough is supported upon a guide which 
travels over the upright U, and is turned aside for the purpose of 
washing out the laboratory vessel in the following manner: — The 
spiral spring is depressed by means of the tension rods until the 
slot is brought below the stud fixed in the upright U ; and the top 
ferrule holding the guide rods being movable, the trough can be 
turned round out of the way, but is prevented from coming in 
contact with the glass water-cylinder by an arrangement in the top 
of the guide, which comes against the stud in the upright. The 
height of the trough can be accurately adjusted by the screw in the 
top of the lever guide. When the trough is in position, the clamp 
holding the laboratory vessel may be loosed when necessary. 

The eudiometer and barometer tubes pass through an india- 
rubber cork, as in Mc Leod's apparatus, but are not supported by 
the clamp C, which here simply bears the water-cylinder. No 
glass stop-cocks are used, or glass-work of any kind employed in 
the construction of the lower portion of the apparatus. The lower 
end of the eudiometer has a neck of the same outside diameter as 
the barometer tube (9*5 m.m.), and both tubes are fixed into the 
steel block X, without rigidity, by the usual steam cylinder-gland 
arrangement, small india-rubber rings being used to form the 
packing. The steel block is fixed to the table by a nut screwed 
upon the |-inch hydraulic iron tube, which runs to the bottom of 
the table. The tap in the steel block is so devised that it first cuts 
off connection with the barometer tube, in order that the gas may 
be drawn over from the laboratory vessel into the eudiometer with- 
out risking the fracture of the upper end of the barometer tube by 
any sudden action of the mercury. This precaution is necessary, as 
during the transferring of the gas the mercury in the barometer 
tube is on the point of lowering, to leave a vacuous space in the 
summit of the tube. By moving the handle a little further on the 
quadrant a communication is made with both tubes and the 
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reservoir for the purpose of bringing the gas into position, so as to 
take a reading ; then the handle is drawn a little further to cut off 




Fig. 82. 

the reservoir supply, whilst there is a way still left between the 
eudiometer and barometer tubes, and if the handle be drawn 
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forward a little more, all communication is cut off far the purpose 
of exploding. 

The windlass P, for raising and lowering the mercury reservoir L, 
is placed beneath the table, in order that it may be under command 
from a position opposite the laboratory vessel, and it is furnished 
with a spring ratchet motion, so as to be worked by one hand. The 
wateivcylinder should be four inches in diameter, and the casing tiibe 
of the barometer as wide as practicable, so that the temperature of 
the apparatus may be maintained as constant as possible. To attain 
an accurate result it is as essential to keep the barometer tube of 
uniform temperature as the eudiometer, since the tension of aqueous 
vapour varies proportionally. The stream of water from the service 
main is run into the casing tube at the upper end of the barometer, 
and, whilst the water-cylinder is filling, the tap at the bottom is 
opened slightly, so that water may run out very slowly. When the 
water-cylinder is full, the upright tube G acts as a syphon, and sucks 
out the excess of water from the top of the cylinder, thus keeping 
up the circulation at the point where it is most required. For a 
further detailed description of the apparatus see «7. C S., May, 1879. 

There are only two working taps upon this apparatus; — the three- 
way glass tap between the eudiometer and laboratory tube, and the 
steel tap at the lower ends of the barometer and eudiometer. The 
steel tap is greased with a little beef-tallow (made from clean beef- 
suot), or with real Russian tallow ; it will last for twelve months 
without further attention. A moderately thick washer of india- 
rubber, placed between the steel washer and the nut at the end of 
the steel tap, adds greatly to the steady working of the needle on 
the quadrant. Moderately soft resin cerate is best for the glass 
tap. 

When filling the laboratory vessel with mercury, suction is 
maintained until the mercury has reached some height in the 
hollow of the three-way tap. 1 he remainder of the hollow space is 
replenished by pouring the mercury from a small crucible; any 
water that may be present is then removed, and the small stopper 
inserted. When the laboratory vessel has to be washed out after 
an absorption, the gas is transferred to the eudiometer until the 
absorbent gets within a quarter of an inch of the stop-cock. The 
mechanical arrangement should be so manageable that this nicety 
of adjustment can be accomplished with ease. Much depends, of 
course, upon the care bestowed in cerating the tap, so that the 
capillary is not carelessly blocked up. As soon as the gas has 
passed over to the extent required, turn the three-way tap until the 
through-way is at right angles to the capillary, and the way to the 
hollow of the tap is in communication with the laboratory vessel, 
then take out the little stopper from the hollow, so that the mercury 
shall flow out, and allow the laboratory vessel to become emptied 
whilst the reading of the volume of the gas is being taken. The 
best arrangement for washing out the laboratory tube is a '' syphon 
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enema" (Dr. Higginson's principle, which may be obtained of 
any draggist), adapting in the place of the usual nozzle a bent glass 
tube. This syringe is constant in its action, as it fills itself when 
the pressure is released, if the tube at the lower end is placed in a 
vessel of water. The laboratory vessel can be washed out and 
refilled in a very little time, as it is already connected, and for all 
ordinary absorptions it is sufficient to wipe the vessel out once by 
passing up a fine towel twisted on a round stick. When CnH"n 
gases are to be absorbed by fuming sulphuric acid, the water should 
be carefully blown out of the capillary tube into the laboratory 
vessel, which must be repeatedly dried. A few drops of strong 
sulphuric acid were at first run into the hollow of the tap and then 
through the capillary whilst the laboratory 
vessel was full of mercury, in order to remove 
any moisture remaining, but it has since been 
found unnecessary, as the drying can be per- 
formed thoroughly without 

To calibrate the eudiometer with water, 
introduce the quantity required through the 
hollow in the stopper, then remove the latter, 
and collect the water in a light flask from 
the bottom of the tap-socket. 

In the same paper (.A C. S., May, 1879), 
Thomas pointed out that it was not essential 
to add excess of either oxygen or hydrogen 
for the purpose of modifying the force of the 
explosion when combustible gases were under 
analysis, and it is necessary to take advantage 
of this when working with so short an eudio- 
meter. The method is, however, applicable 
to all gas apparatus having a reasonable 
length of barometer column above the eudio- 
meter; in fact, the exploding pressures were 
first worked out and employed in an apparatus 
onMc Leod's model. When the per-centago 
of oxygen in a sample of air has to be determined by explosion, only 
one-half its volume of hydrogen is required, and the pressure need 
not be reduced below 400 m.m. If much more than one-half 
volume of hydrogen has been added by accident, explode under 
atmospheric jiressure. When the excess of oxygen used in an 
analysis has to be determined, add 2 '5 times its volume of hydrogen, 
and reduce the pressure to 180 m.m. of mercury before exploding. 
After adding the hydrogen and the reading has been taken, the gas 
is expanded by lowering the mercurial reservoir until a column of 
mercury, measuring the number of m.m.'s in length just referred to 
and in the following table, stands above the meniscus of the mercury 
in the eudiometer. This column can be read off quite near enough by 
the eye, as there is no risk of breaking the apparatus by the force of 
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the explosion if the pressure is 20 m.in. greater than that given ; 
but if the gas under analysis is all combustible, it is better to 
explode at a slightly less pressure than to exceed that recommended . 



Name of Om. 



Hydrogen . 

Carbonic Oxide . 

Marsh Gas 

Acetylene . 

Olefiant Gas 

Methyl andHydride of Ethyl 

Propyl 

Hydnde of Propyl 

Butyl 

Ethyl and Hydride of Butyl 



1 

1 

2-5 

3 

3-5 

4 

5 

6-5 

6 

7 




200 m.m. 
200 m.m. 
170 m.m. 
1 50 m.m. 
145 m.m. 
140 m.m. 
135 m.m. 
130 m.nL 
12d m.m. 
120 m.m. 



It follows, naturally, that the exploding pressure will depend upon 
the proportion of combustible gas introduced; and experience 
alone can enable one to determine with any degree of exactness 
what that pressure mu^t be, as no general law can be laid down. 
For instance, if more than three volumes of hydrogen were added 
to one of oxygen, the exploding pressure should exceed 200 m.m. ; 
and if much nitrogen or other gas were present that did not take a 
part in the reaction, the pressure should be still more increased. 
As a consequence, the same experience is necessary when dealing 
with explosive gases by the other method, because the addition 
of too much inert gas, with a view to modify the force of the 
explosion, may lead to imperfect combustion, inasmuch as the 
cooling efifect of the tube and gas can reduce the temperature 
below that required In all instances, when the approximate com- 
position of the gas is known, it is not difficult to determine the 
quantity of oxygen or hydrogen, as the case may be, which is 
required for explosion, or the pressure under which the gas should 
be exploded. In order to do this systematically, it is always well 
to remember certain points observed during the stages of the 
analysis. The gas in the laboratory vessel, befbre being transferred 
to the eudiometer, occupies a certain volume in a position between 
(or otherwise) the calibration divisions. After transferring and 
reading off, bear in mind the number of m.m.'s which the volume 
represents ; and calculate, as the gas is being re-transferred to the 
laboratory vessel to be mixed with that employed in the explosion, 
the height at which the mercury should stand in the barometer 

H 11 
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tube ivhen measuring the mixed gases, and how much of the 
laboratory vessel was occupied on a previous occasion when a similar 
reading was obtained. If this is done, one can realize at once, afber 
reading off the volume of the mixed gases, the proportion of com- 
bustible gas added, and the pressure under which the gas has been 
measured. Another glance at the volume which the gas occupies in 
the eudiometer, with a comparison of the pressure recorded upon 
the barometer tube, enables one, after a little practice, to at once 
expand the mixture to the point at which it will explode with 
satisfactory results. It is not expedient to place too much reliance 
upon the marks showing equal volumes upon the laboratory vessel, 
especially when dealing with small quantities of gas; and a 
comparison of the volumes obtained in reading before and afber the 
addition of oxygen or hydrogen is always prudent, in order to see 
that sufficient gas has been added, as well as to enable one to judge 
the pressure under which the gas should be exploded. 
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Calculation of the Besults of Water Analysis. 



Snbotanoe estimated. 


MeMore of water 
taken. 


Tolume or weight 
obtained or used. 


gallon. 


a . . . 


100 CO. or dm. . 


( 0.0. or dm. stan- *) 
IdardAgNO^ ) 
dm. „ „ „ 


X 7 =C1 


M ... 


140 dm. (A -gal.) 


X 0-5 =C1 


N as HNO^ ( 
(Cram) 5 


260 0.0. . 
250 dm. . 


CO. of NO 


X 0175 =N 
X 0-27 =N 


360dm.(^-gal.) 


M n 


X 0198 =N 


NH' copper-zino ) 
or aluminium J 


100 0.0. . 


grama of NH^ 


X 676-45 =N • 


50 0.0. . 


3> » 


X 1152 9 =N 


160 dm. . 


grains of NH^ 


X 38-43 =N 


100 dm. . 


j> « 


X 67-64 =N 


Pree or Alb. NH» 


600 CO. . 


f 0.0. standard ) 
I NH^Cl j 
dm. „ „ „ 


X 00014=NH5 


M 99 M 


700 dm. . 


X 001 =NH» 


absorbed . 


260 CO. . 


flO, 16,or20cc] 
it permanganate j 


r X 0-28 (lor 1-5 or 
I 2-|.)=0 


M J> • • 


860 dm. . 


[10, 15, or 20 dm.) 
I permanganate ) 


' X 002 (I or 1-5 or 
I 2-|')=0 


Total solids . 


260 0.0. . 


grams 


X 2800 


» >» • 


850 dm. . 


grains 


X 200 



* Abo.c. or dm. of hyposulphite solution corresponding to 10 c.o. or dm. of perman- 
ganate. B=c.o. or dm. of hyposolphite solution used after the time of reaction is 
complete. 



Halation between Enfflish and Metric Weights and Measures. 

1. Measures of Weight. 
Milligram = 0-01543235 grains. 
Centigi-am = 01543235 „ 
Decigram = 1543235 „ 
Gram = 15-43235 „ 

2. Measures of Lenflrth. 
Millimeter = 0-03937 inches. 
Centimeter = 0-3937 „ 
Decimeter = 3*937 „ 
Meter = 3937 „ 

To oonvert Decrees Oent. into Degrees Fahr. and the reverse. 
(C* X 1-8) + 32 = F.° 
(F.° - 32) - 1-8 = C.° 

To oonvert Degrees of Twaddle's Hydrometer into Specific 

Gravity. 
(Degrees Twaddle x 5) + 1000 = Specific Gravity. 
(Specific Gravity - 1000) -r 5 = Degrees Twaddle. 
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Acotato of lime, commercial, 68 
Acetates, metallic, titration of, 68 
Acetates of the alkalies and earths, 

titration of, 68 
Acetic acid, titration of, 66 
Addimetry, 64 

Acids combined in neutral salts, esti- 
mation of, 84 
Acids, free, in metallic solutions, 39 
Acids, table for systematic analysis 

of, 65 
Air and carbonic anhydride, analysis 

of a mixture of, 420 
Albumen in urine, 309 
Albuminoid ammonia process^ 889 
Alkalimetric methods, extension of, 85 
Alkalimetry, 30 

Alkaline compounds, technical exami- 
nation of, commercial, 47 
Alkaline earths, 54 

Alkaline earths, soluble salts of the, 54 
Alkaline earths, table for systematic 

analysis of, 65 
Alkaline mother-liquors, analysis of, 47 
Alkaline salts, titration of, 43 
Alkalies, table for systematic analysis 

of, 65 
Alkalies, titration of, 110 
Alumina and magnesia, determination 

of, 181 
Ammonia, apparatus for estimating, 60 
Ammonia, combined, estimation of, 56 
Ammonia, estimation of, 55 
Ammonia in urine, 308 
Ammonic siilphocyanate, decinormal, 

112 
Analyses, calculation of, 26 
Analysis, volumetric, general principles 

of, 1 
Analysis, rolumetric, without burettes 
or other graduated instruments, 7 
Analysis, volumetric, without weights, 6 
Analysis by oxidation or reduction, 88 
Analysis by precipitation, 108 
Analysis by saturation, 30 
Analytical processes, direct, 28 
Analytical processes, indirect, 28 
Antimony, analysis of, 119—121 
Apparatus, gas, the preparing, etching, 

&c. of, 403-414 
Aqueous vapour, table of tensions, 353 
Argols, very impure, titration of tar- 
taric acid in, 73 



Arsenic, estimation of, 121—123 
Arsenic in water, 370 
ArseniouB acid and iodine, 106 

Balance, the, 6 

Baric salts in water, 369 

Barium, estimation of, 128 

Bases, free, in metallic solutions, 89 

Bichromate, decinormal solution, 97 

Bismuth, estimation of, 124 — 126 

Bhick ash, analysis of, 47 

Bleaching powder, analysis of, 132 

Brine, analysis of, 52 

Bromates, analysis of, 134 

Bromine, estimation of, 126 

Bunsen*s electrolytic apparatus, 426, 

427 
Burette, Binks*, 13 
Burette, Ga^ Lussac's, 10, IS 
Burette, Geissler's, 13 
Burette, Mohr*s, 8 
Burette, pinoh-cocks for, 14 
Burette, the, 7 
Burettes, correction of, 21 

Cadmium, estimation of, 127 
Calcium, estimation of, 127 — 129 
Calcium salts in waters, 369 
Carbon and nitrogen, oiganic, 336 
Carbonates, earthy, determination of 

in waters, 55 
Carbonates, estimation of, 74 
Carbonates soluble in adds, estimation 

of, 75 
Carbonates soluble in water, estimation 

of, 75 
Carbonic acid, 110 
Carbonic acid, estimation of, 74 
Carbonic acid, estimation of by 

Schiebler'si^paratus, 80 
Carbonic acid gas m waters, titration 

of, 77 
Carbonic acid in afe'rated beverages, 

estimation of, 78 
Carbonic acid in air, estimation of, 79 
Carbonic anhydride and air, mixed, 

analysis of, 420 
Carbonic anhydride, gaseous analysis, 

Carbonic oxide, estimation of,' 423 
Caustic potash, raw, analysis of, 53 
Cerium, estimation of, IW 
Chlorates, analysis of, 134 
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Chlorates, indirect estimatioii of. 110 
Chlorine, estimation of, 129—131 
Chlorine gas, estiznation of, 182 
ChromatM, analysis of, 184—189 
Chromic add and ferrous oxide, 96 
Chromium, estimation of, 134 —138 
Citrates of the alkalies and earths, 

titration of, 69 
Citric acid, estimation of in fruit 

juices, o9 
Citric acid, titration of, 69 
Coal gas, analysis of, 459 
Cobalt, 188 
Cochineal solution, 81 
Colorimeter, the, 115 
Colour reactions, precision in, 118 
er, estimation by colour titration, 



Cop^^, 



Copper in waters, 870 

Copper ores, technical examination of. 

Copper titration, methods of, 189—152 

Corallin,88 

Crum*8 nitro^n tube, 858 

Cyanogen, estmiation of, 158 

Decimfllen, the, 22 

Distillation apparatus, Bunsen's, 108 

Distillation apparatus, Fresenius', 

104 
DistiUation apparatus, Mohr*s, 104 

Earths, alkaline, 54 
Earth^r carbonates in waters, deter- 
mination of, 55 
Electrolytic apparatus for gases, 426 
Eosin, So 

Erdmann's float. 16 
Etching of gas tubes, 407 

Ferric indicator, 112 

Forrio salts, titration of by perman- 
ganate, 94 

Ferrous oxide and chromic acid, 96 

Flasks, the measurinff, 15 

Float, Erdmann*s, 16 

Free acid in urine, 809 

Fresenius, Neubauer and Luck*s 
method of titrating phosphoric 
acid, 821 

Fruit juices, titration of citric add 
in, 69 

Gas apparatus, etching and graduation 

Gas apparatus for water analysis, 844 
Gas apparatus, McLeod's, 446 
Gas apparatus, Thomas's, 460 
Gases, direct estimations, 417 
Gases, indirect estimations of. 425 
Gases, mixtures of, analjrsis, 433—440 
Gases, volumetric analysis of, 408 
Gas liquor, technical analysis of, 59 
Gas pipette, the, 850 
Gola, estimation of, 157 



Graduated instruments, the reading 

of, 16 
Graduation of instruments, 405 
Grain system, instruments graduated 

on the, 22 
Guano, analysis of, 318 

Hardness in waters, estimation of, 865 
Hydriodio add, gaseous estimation 

of, 417 
Hydrobromic add, gaseous estimation 

of, 417 
Hydrocarbons, analysis of, 428 
Hydrochloric acid, gaseous estimation 

of, 417 
Hydrochloric acid, titration of, 66 
Uydrosulphuric add, gaseous analysis 

Improvements in gas apparatus, 440 — 

466 
Indigo, estimation of, 158 — 160 
Indirect analysis of gases, 425 
Instruments, g^raduation of, 405 
Interpretation of results in water 

(malysis, 371 
lodates, analysis of, 184 
Iodine and sodic hyposulphite, 98 
Iodine, decinormaf solution of, 100 
Iodine, free and combined, estimation 

of, 161 
Iodine, oxidation of, 164 
Iron, direct estimation of, by colour 

titration, 172 
Iron, direct estimation of, by stannous 

chloride, 169 
Iron, estimation of, by cuprous 

chloride, 177 
Iron, estimation of, by hyposulphite, 

170 
Iron, estimation of in manufactured 

iron and steel, 168 
Iron, ferrous, estimation of, 166 
Iron in dlicates, 176 
Iron in waters, 869 
Iron ore, ma^etic, 175 
Iron ore, spathose, 176 
Iron ores, analysis of, 178 
Iron ores, red and brown hfematites. 

175 

Kainitc, raw, analysis of, 53 

Lead, estimation of, 179—181 

Lead in waters, 869 

Lead, refined, assay of, 181 

Lees, very imnure, titration of tartaric 

add m, 7o 
Lemon juices, titration of dtric acid 

in, 69 
Lime and magnesia in urine, 807 
Lime juices, titration of dtric acid in, 

69 
Litmus paper, 31 
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Ma^esiA and alumina, determination 

of, 181 
Magnesia and lime in urine, 307 
Magnesium salts in waters, 369 
Manganese, colour titration of, 188 
Manganese, estimation of, 182^196 
Manganese, estimation of, in small 

quantities, 189 
Manganese in spiegeleisen, 189 
Manganese, ores and alloys, 185 
Manganese ores, decomposition of, by 

hydrochloric acid, 193 
Manganese ores, technical examination 

of, 192 
Manganese oxides, 183 
Manganese, solutions for estimation of, 

184 
Manures, analysis of, 318—325 
Measuring flasks, 15 
Mercury, estimation of, 196 — 201 
Microscopical examination of water, 401 
Minerals and metals in waters, esti- 
mation of, 368 

Nickel, estimation of, 201 

Xitric acid, pure, 113 

Nitric acid, titration of, 66 

Nitric oxide, estimation of, 224 

Nitric oxide, estimation of. 423 

Nitrates, estimation of, 22o 

Nitrates, estimation of, by copper- 
zinc couple, 360 

Nitrates, indirect estimation of, 110 

Nitrates in water, 357 

I^itrites, by Griess's method, 363 

Nitrites, estimation of, 228 

Nitrites in water, 357 

Nitrogen as nitrates and nitrites, 357 

Nitrogen, estimation of, as nitrites 
and nitrates, 201—229 

Nitrogen, estimation of, by conversion 
into ammonia, 203 

Nitrogen, estimation of. by Gay 
Lussac*s method, 20z 

Nitrogen, estimation by indigo in 
waters, 215 

Nitrogen, indirect estimation of. Ill 

Nitrogen in organic substances, 64 

Nitrogen tube, Crum's, 358 

Normal ammonio-cupric solution, 39 

Normal caustic potash. 37 

Normal caustic soda, 37 

Normal hydrochloric acid, 36 

Normal nitric acid, 37 

Normal oxalic acid, 36 

Normal potassic carbonate, 35 

Normal sodic carbonate, 85 

Normal solutions, 23 

Normal solutions, preparation of, 33 

Normal sulphuric acid, 36 

defiant gas, estimation of, 424 
Oxalic acid, titration of, 70 
Oxygen, estimation of, 229 
Oxygen, gaseous estimation of, 423 



Oxygen process and combustion method 
for water analysis, comparison of, 
386 

Oxygen process, the, for water analysis. 



Pearlajsh, raw, analysis of, 53 
Permanganate analysis, calculation of, 

94 
Pennanganate solution, 89 
Permanganate solution, precautions in 

titrating, 92 
Permanganate solution, titration of, 89 
Phenolphthalein, 33 
Phosphates, estimation of, by citric 

acid method, 240 
Phosphatic manures, anal^is of, 820 
Phosphoric add, estimation of, 231— 

Phosphoric acid, estimation of in 

minerals, 237 
Phosphoric acid, estimation of, in 

presence of lime and magnesia. 

Phosphoric acid in urine, 304 
Phosphoric acid in waters, 368 
Phosphoric acid, separation of, 238 — 

Phosphoric acid, titration of, 70 

Pipette, the, 14 

Pipettes, correction of, 21 

Porrier's orange, 32 

Potash and soda in urine, 310 

Potash, as bitartrate, separation of 
the, 54 

Potash, indirect estimation of. 111 

Potassic chromate as indicator in 
chlorine analysis, 109 

Potassic ferricyanide, analysis of, ?56 

Potassic ferrocyanide, analysis of, 155 

Potassium in waters, 369 

Porter- Clark process for softening 
water, 383 

Previous sewage contamination, ex- 
planation of the term, 879 

Raw salt, analysis of, 52 
Rosolic acid, 83 

Sal-ammoniac, analysis of, 62 

Salt cake, analysis of, 50 

Salt, decinormal solution of, 109 

Semi-normal ammonia, 38 

Septem, the. 22 

Sewage, analysis of, 325 

Silicic acid in waters, 368 

Silver and chlorine, 108 

Silver, commercial, assa^ of, 247 

Silver, decinormal solution of, 108 

Silver, determination of, 2I5---253 

Silver, estimation in ores and alloys, 

246 
Silver solutions, assay of, 252 
Silver, standard solutions and 

apparatus, 249 
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Soap, analysis of, 52 

Soda and potash in urine, 310 

Soda ash, analysis of, 47 

Soda, indirect estimation of. 111 

Sodio arsenite, decinormal solution of, 

106 
Sodic hyposulphite, decinormal solu- 
tion, 100 
Sodium in waters, 369 
Softening of water, Clark's process 

Soils, analysis of, 311—318 

Solutions, preservation of, 26 

Spent liquors, ammoniacal, estimation 

of, 62 
Sprengel pump, 342 
Standard caustic baryta, 39 
Standard solutions, corrections for, 40 
Standard solutions, table for correc- 
tions for temperatures in, 20 
Stannous chloride, solution of, 97 
Sugar, estimation of. 253 — ^262 
Sugar, Fehling's process, 257 
Sugar in urine, 805 
Sugar in urine, Payy's ammoniacal 

test for, 306 
Sugar test for sewage in waters, 402 
Sugar testing, standard solutions for, 

256 
Sulphate of ammonia, analysis of, 62 
Sulphites and hyposulphites, indirect 

estimation of, 269 
Sulphur, estimation of, in coal gas, 267 
Sulphur, estimation of, in pyrites, ores, 

ko,, 263 
Sulphuretted hydrogen, estimation of, 

274 
Sulphuretted hydrogen in water^ 368 
Sulphuric acid and sulphates, Mohr's 

indirect method, 2/0 
Sulphuric acid, dii^t precipitation, 

272 
Sulphuric acid in urine, 305 
Sulphuric acid, titration of, 66 
Sulphurous acid, estimation of, 268 
Sulphurous anhydride, gaseous analysis 

of, 419 
Superphosphates, 323 
Superphosphates, analysis of, 244 
Superphosphates containing iron and 

alumina, 245 
Starch indicator, 101 
Starch-paper iadicator, 107 



Tannic acid, estimation of, 276 
Tannin in tea, estimation of, 279 
Tartaric add lic[uors, titration of, 73 
Tartaric acid, titration of. 71 
Tartrates, commercial, titration of, 72 
Tea, tannic acid in, 279 
Tin, estimation of, 281 
Total solids in water, 357 
Trop89olin 00, 33 
TroDBBolin 000, 33 
Turbidities in colour testing, 117 
IHirmeric paper, 32 

Uranium, estimation of, 282 
Uranium residues, recovery of, 242 
Urea, estimation of, 297—304 
Uric acid, 806 
Urine, analysis of, 293-311 
Urine, baryta solution for, 297 
Urine, chlorides in, 294 

Vanadium, titration of, 292 

Vapour, table for aqueous tension of, 

353 
-Vinegar, titration of free mineral acids 

in, 67 
Volumetric analysis based on the 

atomic system, 23 
Volumetric analysis, general principles 

of, 1 
Volumetric analysis of gases, 403 
Volumetric analysis, without burettes 

or other graduated instruments, 7 
Volumetric analysis, without weights, 6 

Water analysis, interpretation of 
results, 371 

Water, analysis of, 325 

Water, analysis of, without gas appa- 
ratus, 385 

Water analysis, processes for (Frank- 
land and Armstrong), 333 

Water analysis, re-agents for, S^6 

Water, improvement in quality by 
treatment, 382 

Water softening, Clark*8 process, 383 

Water softening, Porter- Clark pro- 
cess for, 383 

Weights and measures, the system in 
volumetric analysis, 18 

Zinc in waters, 371 

Zinc, methods of titration, 283—291 



Digitized by LjOOQ IC 




Digitized by LjOOQ IC 



Digitized by LjOOQ IC 



Digitized by LjOOQ IC 



t 



Digitized by LjOOQ IC 



Digitized by LjOOQ IC 



cUw. 



AUG 4 W' 


'1 




.'J. '3 18^); 


/ 




?jov a »tt*' 




/ r,- . 




.•-::^ 
'% 


\ *'''^'f7im 






m 4 1898 


•^^ JV/-.; 


*-' ^:> 


1 V -'^8 


d 






:>^o 



Digit zed by LjOOQ IC 




wnvm rin.H^ 






003383653 




091 930 644 





